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PREFACE. 


In  consequence  of  the  large  space  required  in  this  volume  for 
Proceedings  and  Papers,  the  list  of  members  has  been  omitted.  Such 
lists  are  published  frequently  in  pamphlet  form  and  distributed  to 
members,  and  extra  copies  may  be  had  at  any  time  from  the  Secre- 
tary, on  the  terms  stated  in  this  volume  under  the  head  of  Publica- 
tions (page  xii).  * 
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5.  Books.  (Under  this  head  the  only  publications  are  an  Index  to 
Vols.  I.  to  XV.  inclusive, a  Glossary  of  Mining  and  Metallurgical  Terms, 
and  a  Memorial  of  Alexander  Lyman  Holley.) 

All  the  foregoing  publications  are  sent  free  to  members  and  associates 
7iot  in  arrears  at  the  time  of  publication.  They  are  also  for  sale  at  the 
office  of  the  Secretary,  or  are  sent  to  purchasers  by  mail  or  express, 
charges  paid,  on  receipt  of  the  price  by  the  Secretary,  as  follows  : 

Classes  1  and  2,  above  mentioned,  at  the  following  rates: 


No.  OF  Pages. 

Single  Copies. 

10  Copies. 

1 
20  Copies. 

8  or  less 

$0  06 
0  08 
0  12 
0  16 
0  20 
0  20 

$0  30 

0  60 

1  00 
1  25 
1  50 
1  75 

$0  50 
1  00 

1  50 

2  00 

2  60 

3  00 

8  to  12  inclusive 

12  to  16       "         

16  to  20      "        

20  to  24      "        

Over  24       "         

xu 


PUBLICATIONS. 


Class  3.  This  class  now  comprises  seventeen  volumes  of  TmnmcHons,  for 
sale  as  follows  :  Vols.  I.  to  IV.,  inclusive,  at  S2  each  ;  Vols.  V.  to  VIII., 
inclusive,  at  $3  each  ;  all  other  volumes  at  $5  each,  except  Vol.  X.,  of 
which  the  supply  on  hand  is  smallest,  and  the  price  of  which  is  SIO. 
These  prices  are  for  paper  covers.  Half-morocco  binding,  $1  extra  per 
volume. 

Class  4.  This  class  now  includes  "Steel  Rails"  (Papers  by  Messrs. 
Saudberg,  Dudley  and  Holley,  and  discussions  at  two  meetings  in  1881, 
from  Vol.  IX.  of  the  Transactions),  price  $1;  "Technical  Education" 
(Papers  and  discussions  at  the  XVIIth  [Philadelphia]  meeting,  in  1876 
— mostly  not  in  the  Transactions),  price  50  cents;  "The  Law  of  the 
Apex"  (including  the  Appendix),  and  "  Lode-Locations,"  by  R.  W. 
Raymond,  price  25  cents  each  ;  Lithographic  Geological  Map  of  the 
United  States,  colored  after  the  scale  proposed  by  the  International 
Geological  Congress,  together  with  an  explanatory  and  historical  ])aper 
by  Prof.  C.  H.  Hitchcock,  price  $1.25.  "  List  of  Members,  Rules,  etc.," 
price  25  cents. 

Class  5.  Index  to  Vols.  I.  to  XV.,  inclusive,  of  the  Transactions,  price, 
in  stiff  cloth  covers,  $2,  in  half-morocco,  $3.  "Memorial  of  Alexander 
Lyman  Holley,"  in  cloth,  with  frontispiece-portrait,  price  $1.  "Glos- 
sary of  Mining  and  Metallurgical  Terms,"  by  R.  W.  Raymond  (from 
Vol.  IX.  of  the  Transactions),  in  cloth,  price  50  cents. 

AUTHORS'  EDITIONS. 
Extra  copies,  when  ordered   before  the  types  have  been  distributed, 
are  furnished  to  authors  under  Rule  VII.,  at  the  following  rates: 


No.  OF  Pages. 

50  Copies. 

100  Copies. 

250  Copies. 

Each  addi- 
tional lOOcopies 
above  250. 

4  or  less, 

$1  25 

1  75 

2  25 

2  75 

3  25 

3  75 

4  25 
4  75 

1  50 

$1  50 

2  25 

3  00 

3  75 

4  50 

5  25 

6  00 
6  75 

3  00 

$2  25 

3  25 

4  25 

5  25 

6  25 

7  25 

8  25 

9  25 

3  00 

^0  50 

0  75 

1  00 
1  25 
1  50 

1  75 

2  00 
2  25 

0  50 

4  to  8  inclusive 

8  to  12      "        

12  to  16     "         

16  to  20     "        

i  20  to  24     "         

24  to  28     "         

28  to  32     "         

Covers  (including  iJiiiit- 
ing  on  first  page  of  tlie 
same),  extra, 

When  a  paper  contains  one  or  more  separate  plates  or  "  folders,"  these  will  be 
charged  in  reprinting  as  follows:  One  page  or  one  fold,  the  same  as  four  pages  in 
the  above  table;  each  additional  fold,  the  same  as  four  additional  pages.  These 
prices  are  for  plates  on  the  ordinary  paper,  u.sed  in  the  edition  issued  "  subject  to 
revision."  If  special  bank-note  j)aper  is  desired,  such  as  is  used  in  the  Volumes 
oiTrcmsactions,  the  price  for  the  plates  will  be  doubled. 

All  communications  and  remittances  should  be  addressed  to  R.  W. 
Raymond,  Secretary,  P.  O.  Box  223,  New  York  City. 


RULES 

ADOPTED  MAY,  1873.    AMENDED  MAY,  1875,  MAY,  1877,  MAY,  1878,  FEBRUARY,  1880, 
FEBRUARY,  1881,  FEBRUARY,  1887,  AND  FEBRUARY,  1889. 


OBJECTS. 


The  objects  of  the  American  Institute  of  Mining  Engineers  are  to  promote 
the  arts  and  sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  the  welfare  of  those  employed  in  these  industries,  by  means 
of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  members  and  associates, 
the  information  thus  obtained. 


II. 

MEMBERSHIP. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geologists, 
metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining,  metallurgy,  or 
metallurgical  engineering.  Associates  shall  include  all  suitable  persons  desirous  of 
being  connected  with  the  Institute,  and  duly  elected  as  hereinafter  provided.  Each 
person  desirous  of  becoming  a  member  or  associate  shall  be  proposed  by  at  least 
three  members  or  associates,  approved  by  the  Council,  and  elected  by  ballot  at  a 
regular  meeting  upon  receiving  three-fourths  of  the  votes  cast,  and  shall  become  a 
member  or  associate  on  the  payment  of  his  first  dues.  Each  person  proposed  as  an 
honorary  member  shall  be  recommended  by  at  least  ten  members  or  associates,  ap- 
proved by  the  Council,  and  elected  by  ballot  at  a  regular  meeting  on  receiving  nine- 
tenths  of  the  votes  cast ;  Provided,  that  the  number  of  honorary  members  shall  not 
exceed  twenty.  The  Council  may  at  any  time  change  the  classification  of  a  person 
elected  as  associate,  so  as  to  make  him  a  member,  or  vice  versa,  subject  to  the  ap- 
proval of  the  Institute.  All  members  and  associates  shall  be  equally  entitled  to  the 
privileges  of  membership ;  Provided,  that  honorary  members  shall  not  be  entitled 
to  vote. 


XIV  RULES. 

Any  member  or  associate  may  be  stric-ken  from  tlie  list  on  recommendation  of  the 
Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present  at  any 
annual  meeting,  due  notice  having  been  maileil  in  writing  by  the  Secretary  to  the 
said  member  or  associate. 


III. 
DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars,  jiayable  upon  their 
election,  and  ten  dollars  jier  annum  thereafter,  payable  in  advance  at  the  annual 
meeting.  Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  asso- 
ciate not  in  arrears  may  become  by  the  payment  of  one  hundred  dollars  at  one  time 
a  life-member  or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any 
member  or  associate  in  arrears  may,  at  the  discretion  of  the  Council,  be  deprived 
of  the  receipt  of  publications,  or  stricken  from  the  list  of  members  when  in  arrears 
for  one  year;  Provided,  that  he  may  be  restored  to  menabership  by  the  Council  on 
paj'ment  of  all  arrears,  or  by  re-election  after  an  interval  of  three  years. 


IV. 

OFFICERS. 

The  affairs  of  the  Institute  shall  be  managed  bv  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall  be 
elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person  shall 
be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that  office 
subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years  ;  and  no  Vice-President  or 
Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected.  At  each  annual  meeting  a  President, 
three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute;  and  the  Council  may  in  its 
discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meeting  the 
Council  shall  make  a  report  of  proceedings  to  the  Institute,  together  with  a  financial 
statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation  ;  or  the  Council  may, 
by  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer  vacant, 
on  his  failure  for  one  year,  from  inal)ility  or  otherwise,  to  attend  the  Council  meet- 
ings or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled  by  the  appoint- 
ment of  the  Council,  and  any  person  so  appointed  shall  hold  office  for  the  remainder 
of  the  term  for  which  liis  predecessor  wps  elected  or  appointed  ;  Provided,  that  the 
said  appointment  shall  not  render  him  ineligible  at  the  next  annual  meeting. 


RULES.  XV 

Five  members  of  the  Council  shall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly  called 
meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to  the  ap- 
proval of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the  Secretary. 
and  recorded  by  him  with  the  minutes. 

V. 

ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent  in 
writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  the  annual  meeting  ;  and  the  Secretary  shall,  not 
less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  office  so  received, 
together  with  a  copy  of  this  rule,  and  the  names  of  the  persons  ineligible  for 
election  to  eacli  office;  and  if  the  Council,  or  a  Committee  thereof,  appointed 
for  the  purpose,  shall  have  recommended  any  nominations,  such  recommendation 
may  also  be  sent  to  members  and  associates  with  the  said  list  of  all  nominations 
made,  but  not  upon  the  same  paper.  And  each  member  or  associate,  qualified  to 
vote,  may  vote,  either  by  striking  from  or  adding  to  the  names  of  the  said  list,  leav- 
ing names  not  exceeding  in  number  the  officers  to  be  elected,  or  by  preparing  a 
new  list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mailing 
it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting ;  Provided,  that 
no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall  be  allowed  to 
vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be  received  and 
examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by  the  presiding 
officer;  and  the  persons  who  shall  have  received  the  greatest  number  of  votes  for 
the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so  report  to 
the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the  elected 
officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary. 


VI. 

MEETINGS. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Council.  Two  other  regular  meetings  of  the 
Institute  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Council  shall 
select,  and  notice  of  all  meetings  shall  be  given  by  mail,  or  otherwise,  to  all  mem- 
bers and  associates,  at  least  twenty  days  in  advance.  Special  meetings  may  be 
called  whenever  the  Council  sees  fit ;  and  the  Secretary  shall  call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members.  The  notices  for  special  meet- 
ings shall  state  the  business  to  be  transacted,  and  no  other  shall  be  entertained. 

Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Rules,  by  the  votes  of  a  majority  of 
the  members  then  present.  Any  member  or  associate  may  introduce  a  stranger  to 
any  meeting ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  tlie  con- 
sent of  the  meeting. 


XVI  RULES. 

VII. 
PAPERS. 

The  Conncil  shiill  liave  power  to  decide  on  tlie  propriety  of  comnmnicating  to  tlie 
Institute  any  papers  whieli  may  be  received,  and  they  shall  he  at  liberty,  when  they 
think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute,  shall  be  printed 
in  the  Transactions.  Intimation,  when  practicable,  shall  be  given,  at  each  general 
meeting,  of  the  subject  of  the  paper  or  papers  to  be  read,  and  of  the  questions  for 
discussion  at  tlie  next  meeting.  The  reading  of  papers  shall  not  be  delayed  beyond 
such  hour  as  tiie  presiding  officer  shall  think  proper ;  and  the  election  of  members 
or  other  business  may  be  adjourned  by  the  presiding  officer,  to  permit  the  reading 
and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute,  shall 
be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author.  The 
author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve  copies,  if 
printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number  of  copies  at 
the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended  for  sale.  The 
Institute  is  not,  as  a  body,  responsible  for  the  statements  of  fact  or  opinion  advanced 
in  papers  or  discussions  at  its  meetings,  and  it  is  understood  that  papers  and  discus- 
sions should  not  include  matters  relating  to  politics  or  purely  to  trade. 


VIII. 

AMENDMENTS.; 

These  Rules  may  be  amended  at  any  annual  meeting  by  a  two-thirds  vote  of  the 
members  present ;  Pi'ovided,  that  written  notice  of  the  proposed  amendment  shall 
have  been  given  at  a  previous  meeting;  and  Provided,  also,  that  the  amendment  or 
amendments  so  adopted  shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the 
next  distribution  of  printed  matter,  to  all  members  and  associates  not  in  arrears 
for  the  preceding  year  (exce])t  honorary  members  and  foreign  members  elected 
before  February,  1880),  and  each  person  receiving  the  same  shall  be  requested  to 
return  it  to  the  Secretary  with  his  written  vote  of  Yes  or  No  to  each  amendment, 
and  his  signature;  and  the  President  shall  appoint  as  scrutineers  three  members  or 
a.ssociates,  who  shall  examine  all  of  the  said  ballots  which  shall  have  been  returned 
within  one  month  from  the  date  of  their  distribution,  and  shall  report  the  result; 
and  the  Secretary  shall  publish  and  distribute  to  members,  not  later  than  the  next 
distribution  of  printed  matter,  an  announcement  of  the  said  result  so  reported, 
together  with  the  text  of  the  additional  or  amended  rule  or  rules  so  adopted  ;  and 
the  amendment  or  amendments  approved  by  the  majority  of  the  ballots  so  returned 
and  reported  shall  become  part  of  these  rules  from  and  after  the  publication  of  said 
announcement  by  the  Secretary. 


PROCEEDINGS. 


PBOCEEBmGS  OF  TIJE  FIFIY-FIBST  MEETIlS^G,  BIBMING- 
EAM,  ALABA2IA,  3IAY,  1888. 

LOCAL  COMMITTEE. 

Kenneth  Robertson,  Chairman;  S.  P.  Carter,  Jr.,  Treasurer;  W.  H.  Woodward, 
£.  M.  Tinwiler,  W.  H.  Hassinger,  Thomas  Seddon,  T.  H.  Aldrieh,  H.  W.  Har- 
graves,  E.  Thomas,  AV.  B.  Foote,  George  L.  Morris,  J.  M.  Searle,  Thomas  Ward, 
L.  E.  Brooks,  T.  A.  Mack,  T.  T.  Hillman,  C.  Cadle,  Jr.,  F.  Sloss,  G.  W^  Ware, 
J.  H.  McCune,  Giles  Edwards,  J.  W.  Bush,  A.  F.  Brainerd,  E.  W.  Rucker,  A.  B. 
Johnston,  C.  P.  Williamson,  J.  B.  Buddie,  E.  Eastman,  W.  T.  Underwood,  and  A. 
G.  Lane. 

The  sessions  of  the  meeting  were  held  at  the  Grand  Opera  House. 

The  first  session  was  held  on  Tuesday  morning,  May  loth,  Mr. 
Kenneth  Robertson,  Chairman  of  the  Local  Committee,  called  the 
meeting  to  order,  and  introduced  Mr.  E.  T.  Taliaferro,  who  wel- 
comed the  Institute  to  Birmingham,  in  the  name  of  the  citizens 
generally,  and  was  followed  by  Mr.  James  F.  Webb,  who  extended 
a  similar  cordial  greeting  on  behalf  of  the  Chamber  of  Commerce. 

After  responses  by  President  W.  B.  Potter  and  the  Secretary,  the 
following  papers  were  read  : 

Biographical  Notice  of  Byron  W.  Cheever,  by  W.  H.  Pettee,  Ann 
Arbor,  Mich.  (Read  by  the  Secretary,  in  the  absence  of  the  author. 
This  notice  was  published  in  Vol.  XVI.,  p.  888.) 

Henderson  Steel,  by  A.  F.  Brainerd,  Birmingham,  Ala. 

The  Cost  of  a  Ton  of  Pig-iron  in  the  Sequachee  Valley.  By 
Wm.  M.  Bowron,  South  Pittsburgh,  Tenn. 

The  second  session,  held  on  Tuesday  evening,  was  devoted  to  the 
reading  and  discussion  of  a  paper  on  Phosphate  Slag,  by  Professor 
William  B.  Phillips,  Chapel  Hill,  N.  C. 

The  third  session  was  held  on  Thursday  morning.  May  17th, 
when  the  following  paper  was  read  and  discussed  : 

Large  Furnaces  on  Alabama  jNIaterial,  by  Fred.  W.  Gordon,  Phil- 
delphia,  Pa.     (Read  by  the  Secretary,  in  the  absence  of  the  author.) 


XX 


PROCEEDINGS    OF   THE    BIRMINGHAM    MEETING. 


The  following  per^-ons   having   been  duly  recommended  by  the 
Council,  were  unanimously  elected  :* 


MEMBERS. 


Walter  Atlierton,     . 
Rudolph  A.  Bergier, 
Jesse  C.  Boyd, 
Edward  E.  Brewster, 
L.  R.  Brooks,  . 
Charles  H.  Cady, 
LaAiyette  D.  Carroll, 
Elihd  D.  Church,  Jr., 
John  Y.  Colby,  Jr.,  . 
Henry  D.  Conant,    . 
S.  B.  Connor,   . 
William  C.  Crozer,  . 
Paul  Daleas,    . 
Charles  J.  Develin, 
Enoch  Ensley, 
John  B.  Parish, 
George  D.  Fitzhiigh, 
D.  M.  Forker, 
A.  G.  Francis, 
John  II.  Fricke, 
Cyrus  O.  Godfrey,    . 
Marcns  Grant, 
William  Hainsworth, 
Allen  W.  Haskell,  . 
Nathaniel  Hathaway, 
Engene  Iloefer, 
John  C.  Jackson, 
David  S.  Jacobus,    . 
J.  M.  Jaycox, . 
Leon  Jonsselin, 
Fred.  C.  Keighley,  . 
Masa  Kuwabara, 
Olin  H.  Landreth,   . 
W.  G.  La  Rue, 
John  Lodge,     . 
William  T.  Magruder, 
Henry  L.  Manley,  . 
Henry  McCalley,     . 
John  J.  Mickley,     . 
A.  D.  Moffat,  . 
Robert  Morrison,     . 
Walter  Moore, 
A.  Moulle, 


Boston,  Mass. 
Butte  City,  Montana. 
Cornwall,  Pa. 
Iron  Mountain,  Mich. 
Birmingham,  Ala. 
Iron  Mountain,  Mich. 
Birmingham,  Ala. 
Brooklyn,  N.  Y. 
New  York  City. 
Opechee,  Mich. 
San  Francisco,  Cal. 
Knoxville,  Tenn. 
Paris,  France- 
Spring  Valley,  111. 
Ensley  City,  Ala. 
Denver,  Col. 
Birmingham,  Ala. 
Birmingham,  Ala. 
Corona,  Ala. 
Kingston,  New  Mexico. 
Fort  Payne,  Ala. 
Chattanooga,  Tenn. 
Pittsburgh,  Pa. 
Blocton,  Ala. 
New  Bedford,  Mass. 
Pinal,  Arizona. 
Chicago,  111. 
Hoboken,  N.J. 
Steelton,  Pa. 
Medellin,  Columbia. 
Uniontown,  Pa. 
Osaka,  Japan. 
Nashville,  Tenn. 
Bessemer,  Mich. 
South  Pittsburgh,  Tenn. 
Nashville,  Tenn. 
Shamokin,  Pa. 
University,  Alabama. 
Ilokenduuqua,  Pa. 
Park  City,  Utah. 
Chattanooga,  Tenn. 
Birmingham,  Ala. 
Paris,  France. 


*  This  list  includes  the  names  of  a  few  persons  elected  at  the  supplementary 
session  at  Anniston,  Ala.,  on  Saturday  evening. 
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William  Oliver, 
G.  S.  Patterson, 
Erskine  Ramsay, 
T.  A.  Rickard, 
John  E.  Rothwell,  . 
J.  R.  Ryan,      . 
Thomas  I.  Scott, 
Earle  Sloan, 
Alontagu  Soillenx,  . 
Walter  M.  Stein, 
George  D.  Stonestreet, 
Joseph  Strnthers,  Jr., 
H.  B.  Stiirtevant,     . 
Peter  B.  Thomas,     , 
James  R.  Thompson, 
Henry  B.  Tompkins, 
Priestley  Toulmin,  . 
Jacob  T.  Wainwright, 
C.  P.  Williamson,    . 


Iron  Mountain,  Mich. 
Anniston,  Ala. 
Pratt  Mines,  Ala. 
San  Andreas,  Cal. 
Glenwood,  Mass. 
Birmingham,  Ala. 
St.  Louis,  Mo. 
Birmingham,  Ala. 
London,  England. 
Philadelphia,  Pa. 
Birmingham,  Ala. 
Kew  York  City. 
Ishpeming,  Mich. 
Blocton,  Ala. 
Negaunee,  Mich. 
Atlanta,  Ga. 
Coalbnrg,  Ala. 
Pittsburgh,  Pa. 
Birmingham,  Ala. 


ASSOCIATES. 


Nelson  S.  Bartlett,  . 
John  W.  Bush, 
Charles  P.  Coleman, 
Karl  Eilers, 
Harry  W.  English, 
George  Warren  Hammond, 
Gilmer  Meriwether, 
William  R.  Miller, 
Henry  B.  C  Nitze, 
Clement  Stewart, 
Harry  H.  Stoek, 
D.  P.  West,      . 
A.  P.  Wilcox,. 


Boston,  Mass. 
Birmingham,  Ala. 
South  Bethlehem,  Pa. 
Brooklyn,  N.  Y. 
Birmingham,  Ala. 
Yarmouth ville,  Me. 
Birmingham,  Ala. 
Baltimore,  Md. 
South  Bethlehem,  Pa. 
East  on.  Pa. 
Knowles,  Md. 
Birmingham,  Ala. 
St.  Louis,  Mo. 


Mr.  E..  M.  Edwards,  associate,  was,  on  recommendatiou  of  the 
Council,  made  a  member. 

The  following  papers  were  read  by  title  : 

Calculations  of  the  Available  Heat  and  the  Required  Dimensions 
of  Chimneys,  Combustion-Chambers,  and  Gas-Burners  in  the  Use 
of  Blast-Furnace  Gases  for  Heating  Boilers,  by  F.  C.  Roberts,  Phil- 
adelphia, Pa. 

Note  on  Arsenic  Determinations,  by  R.  C.  Canby,  Leadville, 
Col. 

Determination  of  Phosphorus  in  Iron  and  Steel,  by  Porter  W. 
Shimer,  Easton,  Pa. 
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Tlio  Pevclopnient  and  Statistics  of  the  Alabama  Coal-Fields  for 
1887,  by  Charles  A.  AslibunuT,  Pitlsbiirgli,  Pa. 

The  Etfifiency  of  aSteain-Boilor  Using  the  Waste  Gas  of  a  Blast- 
Furnace  as  Fuel,  by  D.  S.  Jacobus,  Hoboken,  N.  J. 

The  Petite  AnseSalt-Mine,  by  Richard  A.  Ponieroy,  New  Iberia, 
La. 

The  Feasibility  of  Using  Cheaper  Fuels  in  the  Blast-Furnace,  by 
Jacob  T.  Wainwright,  Pittsburgh,  Pa. 

Notes  on  the  Iron-Ores,  Fuels  and  Improved  Blast-Furnace  Prac- 
tice of  the  Birujingham  District,  by  Alfred  F.  Brainerd,  Birming- 
ham, Ala. 

The  Grading  of  Birmingham  Pig-iron,  by  Kenneth  Robertson, 
Birmingham,  Ala. 

Mining  in  Soft  Ore-Bodies  at  Low  Moor,  by  W.  S.  Hungerford, 
Low  Moor,  Va. 

The  Losses  in  Roasting  Gold-Ores,  and  the  Volatility  of  Gold, 
by  S.  B.  Christy,  Berkeley,  Cal. 

Notes  on  the  Geology  and  on  Some  of  the  Mines  of  Aspen  Moun- 
tain, Pitkin  County,  Colo.,  by  Carl  Hcnrich,  Noble,  111. 

A  Water-Manometer  and  Anemometer,  by  Prof.  J.  M.  Siliiman, 
Easton,  Pa. 

After  the  passage  of  a  resolution,  instructing  the  Secretary  to  ex- 
press the  thanks  of  the  Institute  to  the  local  committee  and  the  va- 
rious corporations  and  citizens,  for  their  hospitable  reception  of 
visiting  members  and  guests,  the  meeting  was  adjourned. 


Excursions  and  Entertainments. 

Tuesday  afternoon.  May  15th,  an  excursion  train  on  the  Bir- 
mino-ham  Mineral  Railroad  conveyed  a  large  party  to  the  Morris 
and  other  red  fossil-ore  mines  on  the  south  side  of  Red  Mountain. 

Wednesday  was  spent  in  an  excursion  over  the  Birmingham 
Mineral  Railroad  to  the  North  Birmingham  furnaces  of  the  Sloss 
Company,  the  fiwnace  of  the  Thomas  Iron  Comi)any,  the  furnaces, 
coal-mines  and  coke-ovens  of  the  Tenn.,  C.  I.  &  R.R.  Co.,  the  fur- 
naces of  the  De  Bardeleben  C.  <S:  I.  Co.,  the  Bessemer  rolling-mills, 
etc.,  including  a  lunch  at  Eusley  by  invitation  of  the  Ensley  Land 
Company. 

Thursday  morning,  after  the  session,  a  visit  was  made  to  the 
Henderson  Steel  Works. 


PROCEEDINGS   OF    THE    BIRMINGHAM    MEETING.  XXIU 

Thursday  afternoon,  an  excursion  by  the  Alabama  Great  Southern 
Railroad  visited  the  Gate  City  rolling-mill,  ore-bank  and  limestone- 
quarry,  and  the  Trussville  furnace. 

On  Thursday  evening,  a  subscription-dinner  took  place  at  the 
restaurant  of  the  Alabama  Club. 

Friday  was  devoted  to  an  excursion,  leaving  Birmingham  by  the 
Mineral  Railroad,  and  visiting  the  Blue  Creek  coal-basin,  the  li- 
monite  deposit  at  Woodstock,  and  the  Lower  Cahaba  coal-field  at 
Blocton.  The  party  was  entertained  at  Blocton  by  the  Cahaba 
Coal  Mining  Company. 

Saturday  morning,  a  special  train  on  the  Georgia  Pacific  Rail- 
road conveyed  the  members  and  guests  to  Anniston,  Ala.,  where, 
after  lunch  at  the  Anniston  Inn,  the  works  of  the  Woodstock  Iron 
Company,  and  other  establishments,  including  large  pipe- works  in 
progress,  were  visited.  An  informal  session  and  social  reception 
took  place  in  the  evening  at  the  Anniston  Inn. 

On  Monday  morning,  May  21st,  an  excursion  was  made  by 
special  train  on  the  Anniston  and  Atlantic  (narrow  gauge)  Rail- 
road to  the  ore- banks  at  and  beyond  the  Clifton  furnace.  Return- 
ing from  this  excursion  about  noon,  most  of  the  members  and  guests 
departed  in  various  trains,  North  and  East.  Those  who  remained 
were  entertained  in  the  evening  at  a  ball  given  in  their  honor  at 
the  Anniston  Inn. 

The  excursions  around  Anniston  were  managed  by  a  local  com- 
mittee, of  which  Mr.  O.  H.  Parker  was  chairman. 

Members  and  Associates  Present. 

The  following  members  and  associates  were  registered  at  the  head- 
quarters of  the  Local  Committee,  in  Birmingham.  No  registrv  was 
kept  at  Anniston,  where  a  few  others  joined  the  party. 


T.  H.  Aldrich. 
X.  S.  Bartlett. 
William  j\l.  Bowron. 
Alfred  F.  Brainerd. 
T.  B.  Brooks. 
C.  Cadle,  Jr. 
John  B.  Carrington. 
L.  D.  Carroll. 
S.  P.  Carter,  Jr. 
William  H.  Case. 
H.  S.  Chamberlain. 
C.  K.  Claghom, 


George  W.  Cope. 
W.  L.  Dudley. 
M.  M.  Duncan. 
Hunter  Eckert. 
Giles  Edwards. 
K.  K.  Edwards. 
Thomas  J.  Edwards. 
Isaac  Fegely. 

C.  B.  Finley. 
F.  Firmstone. 
W.  B.  Foote. 

D.  M.  Forker. 
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R.  C.  Knlton. 
W.  ir.  Hiissinger.  • 
G.  Jamme. 
Josepli  C.  Kent. 
J.  S.  Lane. 
P.  D.  Langdon. 
J.  F.  Lewis. 
Jolin  Lodge. 
Henry  McCalley. 
J.  H.McCune.  " 
J.  King  McLanalian. 
Thomas  A.  Mack. 
W.  F.  Mattes. 
J.  E.  Maxwell. 
John  J.  Mickley. 
H.  Key  Milner. 
George  L.  Morris. 
William  G.  Neilson. 
Edward  Nichols, 
Charles  M.  Noble. 
S.  E.  Noble. 
James  J.  Ormsbee. 
I.  P.  Pardee. 
C.  O.  Parsons. 
G.  S.  Patterson. 
E.  C.  Pechin. 
AV.  B.  Phillips. 
S.  FT.  Pitkin. 
William  B.  Potter. 
R.  W.  Raymond. 


Jacob  Reese. 

G.  Collier  Robbins. 

Kenneth  Robertson. 

C.  L.  Rogers. 
John  R.  Ryan. 
Thomas  J.  Scott. 
Minor  Scovel. 
Thomas  Seddon. 
A. M.  Shook. 
Fretl.  Sloss. 
Josepli  Squire. 
W.  M.  Stein. 
George  D.  Stonestreet. 
V.  O.  Strobel. 

J.  K.  Surls. 
William  Thaw,  Jr. 
A.  Thies. 

D.  FI.  Thomas. 

E.  Thomas. 
Priestley  Tonlmin. 
E.  M.  futwiler. 
George  W.  Ware. 
Francis  E.  Weston. 
John  F.  Wilcox. 
W.  H.  Wiley. 

J.  Frank  Wilkes. 
C  P.  Williamson. 
J.  P.  Witherow. 
W.  IL  Woodward. 


PROCEEDINGS  OF  THE  FIFTY-SECOND  MEETING, 
BUFFALO,  N.  F.,  OCTOBER,  1888. 


LOCAL  COMMITTEE. 

Edward  Nichols,  Dimkirk,  N.  Y.,  Chairman;  T.  Guilford  Smith,  Buffalo,  N.  Y. 
H.  F.  Gaskill,  Lockpnrf,  N.  Y.,  William  Fottcr,  Piffard,  N.  Y.  and  M.  L.  Hinman, 
Dunkirk,  N.  Y.,  Vice- Chairmen;  C.  D.  R.  Stowitz,  Buffalo,  N.  Y.,  Trecumrer ;  Dr. 
Julius  Pohlman,  Buffalo,  N.  Y.,  Secretary;  R.  B.  Adam,  James  Archibald,  John  J. 
Albright,  W.  L  Babcock,  Charles  F.  Bingham,  T.  A.  Bissell,  Henry  W.  Box,  Wil- 
liam Bookstaver,  Dunkirk;  Andrew  Brown,  W.  C.  Bryant,  P.  P.  Burtis,  John  W. 
Cloud,  W.  C.  Cowles,  Lockport;  J.  H.  Dawes,  David  F.  Day,  J.  P.  Dudley,  E.  T. 
Evans,  C.  M.  Farrar,  George  S.  Field,  Samuel  J.  Fields,  George  S.  Gatchell,  R.  F. 
Goodman,  (ieorge  Gorham,  Charles  A.  Gould,  John  C.  Graves,  Edwin  B.  Guthrie, 
Richard  Hammond,  A.  H.  G.  Hardwicke,  Edmund  Hayes,  Dr.  Leon  F.  Harvey, 
E.  L.  Hedstrom,  R.  R.  Hefford,  W.  W.  Hildretii,  Thomas  Hodgson,  Lewis  H. 
Knapp,  J.  N.  Earned,  George  Howard  Lewis,  Thomas  Loorais,  J.  J.  McWilliams, 
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Capt.  F.  A.  Mahan,  U.S.A.,  George  E.  Mann,  William  Martin,  Dunkirk ;  K.  K. 
Noye,  D.  O'Day,  "William  Pierce,  Henry  A.  Riclimond,  George  A.  Ricker,  Sherman 
S.  Rogers,  Benjamin  Rhodes,  Niagara  Falls ;  N.  S.  Rosenan,  B.  C.  Rumsey,  F.  A. 
Seabert,  John  Satterfield,  L.  G.  Sellstedt,  John  Slote,  John  H.  Smith,  Pemberton 
Smith,  F.  H.  Snell,  George  R.  Sykes,  James  Tillinghast,  Charles  F.  Wadsworth, 
Piffard;  H.  J.  Warren,  C.  M.  Whiting,  Robert  H.  Williams,  Julian  J.  Williams, 
Dunkirk. 

Hotel-Headquarters,  Niagara  Hotel. 

The  first  session  was  held  on  Tuesday  evening,  October  2d,  at  the 
rooms  of  the  Buffalo  Society  of  Katural  Science,  in  the  Buffalo 
Library  Building.  The  meeting  was  called  to  order  by  Dr.  Julius 
Pohlman,  Secretary  of  the  Local  Committee,  who  delivered  a  graceful 
and  cordial  address  of  welcome. 

Professor  W.  B.  Potter,  President  of  tlie  Institute,  after  an  appro- 
priate acknowledgment  of  this  reception,  proceeded  to  deliver  the 
Presidential  Address.     (This  will  be  separately  published.) 

A  curious  gold  breast-plate,  found  in  excavations  at  a  mine  in  the 
State  of  Panama,  was  exhibited  by  the  Secretary. 

At  the  second  session,  held  at  the  Niagara  Hotel,  Wednesday 
evening,  October  3d,  the  following  papers  were  read  : 

Asphalt  and  its  Uses,  by  F.  V.  Greene,  New  York  City. 

The  Life-History  of  Niagara,  by  Dr.  Julius  Pohlman,  Buf- 
falo, N.  Y. 

Soaping  Geysers,  by  R.  W.  Raymond,  New  York  City. 

At  the  third  session,  held  at  the  Niagara  Hotel,  on  Friday 
morning,  October  5th,  the  following  papers  were  read  and  dis- 
cussed : 

Steel  Rails,  and  Specifications  for  their  Manufacture,  by  Robert 
W.  Hunt,  Chicago,  111. 

The  Present  Status  of  Electrical  Transmission  of  Power,  by  R.  P. 
Rothwell,  New  York  City. 

The  fourth  and  final  session  was  held  at  the  Niagara  Hotel  on 
Friday  evening,  October  5th,  when  the  following  papers  were  read 
by  the  Secretary  in  the  absence  of  their  authors: 

The  Mining  Industry  in  Its  Relation  to  Forestry,  by  B.  E.  Fer- 
now,  Washington,  D.  C. 

Note  on  the  Cultivation  of  Mushrooms  in  Abandoned  Mines  at 
Akron,  N.  Y.,  by  W.  Y.  Warren,  Buffalo,  N.  Y. 

The  following  papers  were  read  by  title : 

The  Glenmore  Iron  Estate,  Greenbrier  .Co.,  West  Virginia,  by 
W.  N.  Page,  Powelton,  W.  Va. 
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Anthracite  and  Coke,  Separate  and  Mixed,  in  the  Warwick  Blast- 
Fnriiacc,  by  Edojar  S.  Cook,  l\)ttst()\vn,  Pa. 

Tuyere  8lagj2;ing- Valve,  by  Edgar  8.  Cook,  Pottstown,  Pa. 

The  Chlorination  of  Low-Grade  Auriferous  Sulphides,  by  Wil- 
liam B.  Phillips,  Chapel  Hill,  N.  C. 

A  DilVereutial  Pegeuerative  Jlot-lilast  Stove,  and  Its  Application 
to  an  Open-Hearth  Blast-Furnaee,  by  Jacob  T.  Wainwright,  Pitts- 
burgh, Pa. 

Note  on  a  Specimen  of  Gilsonite  from  Uintah  Co.,  Utah,  by  R.  W. 
Raymond,  New  York  City. 

Notes  on  the  Roasting  of  the  Hudson  River  Carbonates,  by 
IngersoU  Olmsted,  Burden,  N.  Y. 

The  Minerals  of  Ontario  and  their  Development,  by  W.  Hamilton 
Merritt,  Toronto,  Canada. 

Note  on  Cast-Steel  Water-Jackets,  by  R.  H.  Terhune,  Salt  Lake 
City,  Utah. 

The  Flue-Dust  of  the  Furnaces  at  Low  Moor,  by  Ellison  C. 
Means,  Low  Moor,  Va. 

Notes  on  the  Rosario  Mine  at  San  Juancito,  Honduras,  C.  A.,  by 
Thomas  H.  Leggett,  Fairplay,  Colo. 

The  Impurities  of  Water,  by  A.  E.  Hunt  and  George  H.  Clapp, 
Pittsburgh,  Pa. 

Pig-iron  of  Unusual  Strength,  by  Fred.  P.  Dewey,  Washington, 
D.  C. 

Note  on  the  Nickel-Ore  of  Russell  Springs,  Logan  Co.,  Kansas, 
by  Fred.  P.  Dewey,  Washington,  D.  C. 

Cement-Rock  and  Gypsum-Deposits  in  Buffalo,  by  Julius  Pohl- 
man,  Buffalo,  N.  Y. 

The  Geology  of  Buffalo,  as  Related  to  Natural  Gas  Explorations 
along  the  Niagara  River,  by  Charles  Albert  Ashburner,  Pittsburgh, 
Pa. 

The  Equalization  of  Load  on  Winding  Engines  by  the  Employ- 
ment of  Spiral  Drums,  by  E.  M.  Rogers,  Central  City,  Colo. 

The  Northwestern  Colorado  Coal-Region,  by  G.  C.  Ilewctt,  Glen- 
wood  Springs,  Colo. 

The  Effect  of  Velocity  and  Tension  of  Gases  on  the  Reduction 
of  Ores  ill  the  Blast-Furnace,  by  Theo,  W.  Robinson,  Joliet,  111. 

Water-(jras  as  a  Steam-Boiler  Fuel,  by  D.  S.  Jacobus,  Hoboken, 
N.J. 

Ferro-Silicon  and  the  Economy  of  its  Use,  by  W.  J.  Keep,  De- 
troit, Mich.,  and  Edward  Orton,  Jr.,  Columbus,  Ohio. 
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Hot  Spring  Formations  in  Red  Monntain  District,  Colorado:  A 
Reply  to  the  Criticisms  of  Mr.  Emmons,  by  Theodore  B.  Comstock, 
Champaign,  111. 

Large  Furnaces  on  Alabama  Material :  Discussion  Continued,  by 
Fred.  W.  Gordon,  Philadelphia,  Pa. 

The  New  Dressing- Works  of  the  St.  Joseph  Lead  Company,  at 
Bonne  Terre,  Missouri,  by  H.  8.  Munroe,  New  York  City.  (Brought 
forward  from  the  Boston  meeting,  February,  1888.) 

The  Secretary  announced  that  the  Fifty-Second  (being  the  Annual) 
Meetiup;  of  the  Institute  would  be  held  in  New  York  Citv,  beofinnins 
Tuesday,  February  19th,  1889. 

Notice  was  o;iven  of  the  following  amendments  to  the  Rules, 
proposed  for  adoption  at  the  Annual  Meeting: 

It  is  proposed  to  amend : 

Rule  II.,  by  striking  out  part  or  all  of  the  final  proviso.* 

Also,  by  inserting  after  the  words  "  by  ballot  at  a  regular  meet- 
ing," in  the  seventh  and  eighth  lines  of  the  Rule,  and  also  after  the 
same  words  in  the  eleventh  line  of  the  Rule,  the  following  paren- 
thesis : 

"  (or  by  ballot  at  any  time  conducted  through  the  mail,  as  the 
Council  may  prescribe)." 

Rule  v.,  by  striking  out  the  parenthesis,  "  (except  honorary 
members)."* 

Also,  by  inserting  at  the  end  of  the  first  sentence  (7th  line  of  the 
Rule)  the  following  words  : 

"and  if  the  Council,  or  a  Committee  thereof  appointed  for  the 
purpose,  shall  have  recommended  any  nominations,  such  recom- 
mendation may  also  be  sent  to  members  and  associates  with  the  said 
list  of  all  nominations  made,  but  not  upon  the  same  paper." 

The  following  persons,  having  been  duly  recommended  by  the 
Council,  were  unanimously  elected  : 

MEMBERS. 

Walter  T.  Arras, Pnnxsutawney,  Pa. 

Thomas  S.  Blair,  Jr.,        ....  Pittsburgh,  Pa. 

John  Blue, Capelton,  P.  Q.,  Canada. 

AVilmot  W.  Burritt,  ....  Englewood,  N.  J. 

James  L.  Buskett,  Jr.,      ....  Elkhorn,  Montana. 

John  H.  Campbell, Kingman,  Arizona. 

Thomas  M.  Chatard,         ....     Washington,  D.  C. 

— — - — ■ ■ ( 

*  Previous  notice  of  this  amendment  was  given  at  the  Boston  meeting,  February, 
1888.    See  Trans.,  XVI.,  xxxvi. 
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Clarence  M.  Clark, 
Albert  Coiiro,   . 
T.  Dan,     . 
John  J.  Deenier, 
A.J.  Eh  rob,     . 
Joseph  S.  Elverson, 
Percival  Fowler, 
W.  T.  Good  now, 
James  G.  Green, 
F.  V.  Greene,  . 
Charles  E.  Hall, 
Jesse  Hall, 
J.  A.  Haskell,  . 
Alphonise  Hennin, 
Theo.  M.  Hopke, 
.^smus  Jabs,     . 
W.  Larimer  Jones, 
W.  J.  Keep,     . 
George  D.  Kelly, 
James  B.  Knight, 
R.  Kondo, 
Horace  W.  Lash, 
Henry  A.  Lee, 
Louis  Mohr, 
H.  K.  Myers,  . 
S.  B.  Nixon,     . 
Ingersoll  Olmsted, 
Francis  T.  Peacock, 
James  W.  Pender, 
Francis  A.  Pocock, 
George  H.  Potts, 
George  E.  Potts, 
F.  H.  Prentiss, 
I.  M.  Power,     . 
Camilo  C.  Restrepo, 
William  H.  Schlemm, 
Francis  M.  Sinionds, 
T.  L.  Skinner, 
Olaf  Venstroni, 
Fernando  Siistersic,  . 
Charles  li.  Trew, 
Dr.  Leonard  Waldo, 
William  F.  Wilkinson, 


IMiila(]eli)liia,  Pa. 
Milwaukee,  Wis. 
Cliikngo,  Japan. 
Chester,  Pa. 
Pittsburgh,  Pa. 
Camden,  N.  J. 
London,  England. 
Lebanon,  Ky. 
Honda,  Colombia,  S.  A. 
New  York  City. 
St.  Louis,  Mo. 
Pluvnixville,  Pa. 
Walston,  Pa. 
Springfield,  111. 
Pittsburgh,  Pa. 
Bernburg,  Germany. 
Pittsburgh,  Pa. 
Detroit,  Mich. 
Shar}>sville,  Pa. 
Norway,  Mich. 
Tokio,  Jaj)an. 
Pittsburgh,  Pa. 
Ouray,  Colo, 
Chicago,  111. 
Tyrone,  Pa. 
El  Paso,  Texas. 
Hudson,  N.  Y. 
Anniston,  Ala. 
Elkhorn,  Montana. 
Boston,  Mass. 
Pottstown,  Pa. 
Walston,  Pa. 
New  York  City. 
London,  Eng. 
Medellin,  Colombia,  S.  A. 
Durango,  Mexico. 
New  York  City. 
Terraville,  Dakota. 
Marquette,  Mich. 
Mexico. 
Dunbar,  Pa. 
Lock  port,  N.  Y. 
London,  England. 


ASSOCIATES. 


George  F.  Kunz, 
Richard  H.  Morris,  Jr., 
Augustus  W.  Newell, 
E.  C.  Egberts,  . 
C.  D.  Stowitz,  . 
Willis  B.  Wilcox,    . 


New  York  City. 
Bethlehem,  Pa. 
Bradford,  Pa. 
Bufllilo,  N.  Y. 
Buffalo,  N.  Y. 
St.  Louis,  Mo. 
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The  following  associates  were,  upon  recommendation  of  the  Coun- 
cil, made  members : 

J.  R.  Bien, New  York  City. 

C  L.  Burlingham, Chicago,  111. 

W.  A.  Connell, Portsmouth,  Ohio. 

Henry  H.  Porter,  Jr.,       ....  Mexico. 

C.  H.  Smyth,  Jr., Oneida  Co.,  N.  Y. 

F.  W.  Sperr, Mineral  Park,  Arizona. 

George  C.  Stone,* Newark,  N.  J. 

After  the  passage  of  a  resolution,  instructing  the  Secretary  to 
express  by  letter  to  the  Local  Committee  and  to  various  citizens, 
firms  and  corporations  the  thanks  of  the  Institute  for  the  cordial 
and  abundant  courtesies  extended  to  its  visiting  members  and  guests, 
the  meeting  was  adjourned. 

Excursions  and  Entertainments. 

On  Tuesday  evening,  after  the  close  of  the  first  session,  an  in- 
formal reception  was  held  in  the  Library  Building,  under  the 
auspices  of  the  Buffalo  Library,  the  Society  of  Natural  Science,  the 
Academy  of  Fine  Arts  and  the  Historical  Society. 

Wednesday  was  occupied  in  an  excursion  by  special  train  over 
the  Western  New  York  and  Pennsylvania  R.R.  to  Dunkirk,  N.  Y., 
where  the  Brooks  Locomotive  Works  were  visited,  and  the  party 
was  elegantly  entertained  by  Mrs.  Brooks,  assisted  by  ladies  of 
Dunkirk. 

On  Thursday,  excursions  were  made  to  many  points  of  interest  in 
and  around  the  city  of  Buffalo,  including  the  Union  Bridge  Works, 
the  grain-elevators,  the  coal-  and  ore-docks  of  the  Lehigh  Valley 
R.R.  Co.,  the  Government  break-water,  the  water-works  pumping- 
station,  the  works  of  the  Buffalo  Cement  Co.  (where  gas-wells, 
quarries,  kilns,  etc.,  were  inspected,  and  the  party  was  entertained 
at  luncheon),  the  Barber  Asphalt  Paving  Co.,  the  parks  and  asphalt- 
paved  streets,  the  Wagner  Palace  Car  Works,  numerous  machine- 
shops,  etc. 

On  Thursday  evening,  a  subscription-dinner  took  place  at  the 
Niagara  Hotel. 

On  Friday,  an  excursion  was  made  by  special  train  to  Lockport, 

*  To  correct  a  clerical  error  committed  in  1883,  when  Mr.  Stone  was  made  a 
member  by  vote  of  the  Institute,  and,  the  proper  record  being  accidentally  omitted, 
continued  to  be  carried  on  the  books  of  the  Institute  as  Associate. 
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N.  Y.,  where  the  works  of  the  Holly  Manufacturing  Co.  and  the 
Cowles  Electric  Smelting  and  Aluininuni  Co.  were  visited,  the  party 
being  conveyed  to  tiic  latter  in  carriages. 

On  Saturday,  an  excursion  was  made  by  special  train  over  the 
D.  L.  iSi  W.  li.R.  and  the  W.  N.  Y.  &  Pa.  R.R.  to  Piffard,  N.  Y., 
where  the  rock-salt  mine  of  the  Retsof  Mining  Co.  was  visited. 
Luncheon  was  served  on  the  train. 


MEMBERS    AND    ASSOCIATES    PRESENT. 

The  following  members  and  associates  were  registered  at  the 
headquarters  of  the  Local  Committee.  The  list  is  doubtless  in- 
complete. 


W.  L.  Au.stin. 
Charles  A.  Ashbiirner. 
James  Arclibald. 

D.  Brennen. 

C  R.  Clagliorn. 

Walter  Crafts. 

Edgar  S.  Cook.  , 

P.  Matson  Clark. 

W.  B.  Cogswell. 

W.  E.  C.  Coxe. 

E.  V.  d'Invilliers. 
E,  M.  Ferguson. 
J.  H.  Gates. 
Robert  W.  Hunt. 
Alfred  E.  Hunt. 
Samuel  Hines. 

R.  W.  Hildreth. 
J.  F.  Ilolloway. 
Henry  M.  Howe. 
Thomas  Hodgson. 
L.  Holbrook. 
William  Larimer  Jones. 
J. E.  Johnson. 
Asinus  Jabs. 
D.  S.  Jacobus. 
C.  Kirchhofi;  Jr. 
Alfred  Markiiam. 
P.  N.  Moore. 
J.  M.  McLeary. 
Edward  Nichols. 


William  G.  Neilson. 
H.  B.  Nason. 
William  B.  Potter. 
S.  Peters. 

Francis  A.  Pocock. 
George  H.  Potts. 
J.  Wesley  Pullman. 
J.  A.  Price. 
Charles  O.  Parsons. 
R.  W.  Raymond. 
W.  S.  Russell. 
T.  W.  Robinson. 
R.  P.  Rothwell. 
J.  H.  Sykes. 
E.  C.  Schaufuss. 
S.  Taylor  Slieaffer. 
S.  Stutz. 
J.  M.  Sherrerd. 
C.  D.  Simpson. 
T.  Guilford  Smith. 
C.  E.  Sutherland. 
Francis  M.  Siraonds. 
Emanuel  Trotz. 
William  Thaw,  Jr. 
N.  B.  Wittman. 
Robert  H.  Williams. 
E.  B.  Wilson. 
William  H.  Wiley. 
S.  Whinery. 
Rollln  H.  Wilbur. 
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FBOCEEDINOS  OF  THE  FIFTY  THIBB  [NINETEENTH 

ANNUAL)  MEETING,  NEW  YOBK  CITY, 

FEBBUABT,  1889. 

LOCAL  COMMITTEE. 

Andrew  Carnegie,  Chairman;  AV.  H.  Wile.y,  Secretary;  Wrn.  H.  Adams,  Geo. 
H.  Babcock,  O.  W.  Barnes,  J.  C.  Bayles,  H.  W.  Bulkier,  Jas.  A.  Burden,  Cyrus 
Butler,  W.  S.  Church,  E.  F.  De  Camp,  J.  E.Denton,  Thos.  Egleston,  F.  A.  Halsey, 
A.S.Hewitt,  L.  Holbrook,  J.  F.  HoUoway,  W.  R.  King,  Chas.  Kirchhoff,  Jr., 
J.  F.  Lewis,  Chas.  Macdonald,  J.  B.  Mackintosh,  S.  F.  Morris,  H.  S.  Munroe,  F.  O. 
Norton,  F.  M  Pierce,  Fred.  H.  Prentiss,  J.  C.  F.  Randolph,  R.  W.  Raymond,  E.  N. 
Riotte,  Chas.  M.  Rolker,  R.  P.  Rothwell,  W.  P.  Shinn,  E.  G.  Spilsbury,  John 
Stanton,  Grey  Torrey,  H.  G.  Torrey,  W.  W.  Van  Voorhis,  John  A.  Walker,  David 
Williams,  F.  S.  Witherbee,  E.  L.  Zalinski. 

Hotel  Headquarters. — Union  Square  Hotel. 

The  first  session  was  held  on  Tuesday  evening,  February  19th, 
at  Hardman  Hall,  Nineteenth  street  and  Fifth  avenue.  The  meet- 
ing was  called  to  order  by  Mr.  Andrew  Carnegie,  Chairman  of  the 
Local  Committee,  who  cordially  welcomed  the  Institute  to  the  city. 
President  Potter,  after  due  acknowledgment  of  this  greeting,  pro- 
ceeded to  deliver  the  Presidential  address.  (This  will  be  separately 
published.)     The  following  papers  were  then  read: 

Biographical  Notice  of  Erich  C.  Schaufuss,  by  J.  H.  Bowden, 
Wilkes-Barre,  Pa. 

End-Lines  and  Side-Lines  in  the  U.  S.  Mining  Law,  by  R.  W. 
Raymond,  New  York  City. 

The  second  session  was  held  in  the  library  of  the  Edison  labora- 
tory, at  Llewellyn,  N.  J.,  on  Wednesday  afternoon,  February  20th, 
when  the  following  papers  were  read : 

The  Concentration  of  Iron-Ore,  by  John  Birkiubine,  Philadel- 
phia, Pa.,  and  Thomas  A.  Edison,  Llewellyn,  N.  J. 

The  Application  of  Electric  Accumulators  or  Storage-Batteries 
in  Mining,  by  P.  G.  Salom,  Philadelphia,  Pa.* 

The  Brush  Electric  Plant  in  the  Comstock  Mines,  Virginia  City, 

Nevada,  by  Nelson  W.  Perry,  Cincinnati,  O.* 

• ^____ .^ . 

*This  paper  has  not  been  furnished  by  the  author  up  to  the  closing  of  the 
present  volume. 
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The  third  session  was  held  at  Ilardman  Hall,  on  Wednesday 
evening,  February  20th,  and  was  attended  by  a  considerable  num- 
ber of  the  members  of  the  American  Society  of  Civil  Engineers, 
the  regular  meeting  of  that  Society  on  the  same  evening  having 
been  courteously  suspended  to  permit  a  joint  session  with  the  In- 
stitute. 

The  President  aj)pointed  Messrs.  T.  M.  Drown,  J.  F.  Lewis,  and 
J.  M.  Sherrerd  as  Scrutineers  to  examine  the  ballots  received  for 
the  annual  election  of  officers,  and  report  the  result  at  a  subsequent 
session. 

The  following  papers  were  then  read  and  discussed : 

A  communication  from  Mr.  C.  P.  Sandberg,  London,  England, 
and  a  rejily  from  R.  W.  Hunt,  Chicago,  111.,  in  discussion  of  the 
paper  of  the  latter  on  "  Steel  Rails,"  presented  at  the  Buffalo  meet- 
ing. 

Rail-Sections,  by  Frederic  A.  Delano,  Chicago,  111. 

Proposed  Rail-Sections,  by  R.  W.  Hunt,  Chicago,  111. 

The  fourth  session  was  held  at  Hardman  Hall,  on  Thursday 
morning,  February  2Lst.  A  large  number  of  new  members  and 
associates  were  elected.  (These  names  are  included  in  the  list  be- 
low.) The  following  notes  were  read  by  Mr.  Kirchhoff,  in  the  ab- 
sence of  the  authors : 

Note  on  the  Use  of  Crude  Petroleum  as  Fuel  for  Raising  Steam 
at  the  South  Chicago  Works,  by  E.  C.  Potter,  Chicago,  111. 

Coal  versus  Oil  in  the  Puddling-Furnace  and  in  Raising  Steam, 
by  G.  H.  Billings,  Boston,  Mass. 

Oil  as  a  Metallurgical  Fuel,  by  E.  C.  Felton,  Steelton,  Pa. 

After  a  general  discussion  of  the  subjects  of  these  notes,  the  fol- 
lowing papers  were  read  by  their  authors: 

The  Copper-Deposits  of  Copper  Basin,  Arizona,  and  Their  Origin, 
by  W.  P.  Blake,  New  Haven,  Conn. 

The  Determination  of  Silicon  in  Ferro-Silicons;  Its  Occurrence 
in  Aluminum  as  Graphitoidal  Silicon;  and  a  Study  of  its  Reactions 
with  Alkaline  Carbonates,  by  H.  J.  Williams,  St.  Louis,  Mo. 

The  fifth  session  was  held  at  Hardman  Hall,  on  Thursday  after- 
noon, February  21st.  The  Scrutineers  reported  the  following 
officers  as  elected  : 
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PRESIDENT. 
KiCHARD  Peabce, Argo,  Colorado. 

VICE-PRESIDENTS. 

(To  serve  two  years.) 

EcKLEY  B.  CoxE, Drifton,  Pa. 

Charles  Macdonald New  York  City. 

Percival  Roberts,  Jr., Philadelphia,  Pa. 

MANAGERS. 
(To  serve  three  years.) 

J.  H.  Bramwell, Roanoke,  Va. 

Frank  Firmstone, Easton,  Pa. 

W.  H.  Pettee, Ann  Arbor,  Mich. 

SECRETARY. 
R.  W.  Raymond, New  York  City. 

TREASVRER. 
Theodore  D.  Rand, Philadelphia,  Pa. 


The  Secretary  read  the 

Annual  Report  of  the  Council. 

In  accordance  with  the  rules,  the  Council  makes  the  following 
report  to  the  In.stitute  : 

The  financial  statement  of  the  Secretary  and  Treasurer,  duly 
audited,  shows  receipts  for  the  year  from  all  sources,  including  the 
balance  at  the  beginning  of  the  year,  of  $24,937.47,  and  expendi- 
tures of  $19,057.19,  leaving  a  surplus  of  $5880.28.  In  addition  to 
this,  the  Treasurer  holds  United  States  bonds  belonging  to  the  In- 
stitute as  follows :  4  per  cent,  bonds,  par  value,  $2900  ;  4|  per  cent, 
bonds,  par  value,  $4400  ;  total,  $7300,  of  which  the  present  market- 
value  is  about  $9000,  The  total  amount  of  cash  on  hand  and  se- 
curities at  par  is  $13,180.28,  or,  reckoning  the  securities  at  present 
market-value,  nearly  $15,000. 

Since  the  balance  from  the  last  statement  was  $4615.15,  the  actual 
receipts  of  the  year  were  $1265.13  greater  than  the  expenditures. 

The  detailed  statement  is  as  follows : 


Statement  of  the  Secretary  and  Treasurer,  of  Receipts  and  Disbursements,  from 
February  1st,  1888,  to  January  Slst,  1889, 

Balance  from  statement,  February  1st,  1888, 
Received  for  dues  from  members  and  associates 

"         "     life-memberships,  ... 

"        "     sale  of  publications, 

"         "     binding  Transactions,     . 

"         "     authors'  pamphlets, 

"        "    engraving  and  electrotyping. 


Interest  on  U.  S.  bonds  and  deposits, , 


$  4,615 

15 

, 

$15,972  21 

200 

00 

1,848 

90 

826 

69 

722  59 

325 

64 

$19,896 
426 

03 

29 

i,937  47 
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Paid  for  printing  Vol.  XVI.  of  Transactions, 

"  "        "        pamphlet  editions  of  papers,  . 

"  "         "         authors'  editions  of  papers,     . 

"  "         "        index  of  vols.  I. -XV.  inclusive,     . 

"  "         "         list  of  members,       .... 

"  "         ''         mailing  list, 

"  "         "         circulars  and  halloLs, 

"  "  binding  Vol.  XVI.  of  Transactions, 

"  ''         "        other  volumes  of  Transactions, 

"  "        ''        index  of  vols.  I.-XV.  inclusive, 

"  "        "        exchanges,       ..... 

"  "  engraving  and  electrotyping, 

"  "  postage  (including  P.O.  box  rent), 

"  "  incidental  expenses  of  mailing  books,  .         , 

"  "  stationery  (including  postpaid  envelopes),  . 

"  "  rent  of  offices,- 

"  "  janitor's  fees,         ...... 

"  "  express  charges,  freight,  etc.,        ... 

"  "  telegrams,     ....... 

"  "  index  of  Vol.  XVI.  of  Transactions,  proof-reading, 

"  "  insurance,     ....... 

"  "  coal  {)nrchased,     ...... 

"  "  small  expenses  unclassified, 

''  "  salaries  of  secretary,  assistants  and  stenographer, 

'*  "  expenses  of  Secretary  at  meetings, 

"  "  map  purchased  for  library,  .... 

"  "  storage  on  Transactions  advanced  for  1889,  . 


Balance, 


$2,583 

40 

1,881 

35 

717 

08 

1,001 

44 

123 

50 

17 

00 

104 

56 

925 

77 

221 

95 

389 

94 

100  49 

1,5-6  50 

1,089  98 

42 

45 

460 

25 

800  00 

114 

00 

753 

31 

10 

57 

100 

00 

9  00 

23  00 

79  52 

5,410 

00 

402 

40 

10  00 

129 

73 

$19,057  19 

5,880  28 

$24,937  47 

As  special  expenditure  for  the  benefit  of  members,  may  be  men- 
tioned the  publication  and  free  distribution  of  the  volume  contain- 
ing the  index  of  Vols.  I.-XV.  of  the  Transactions.  The  cost  of  the 
preparation,  proof-reading,  etc.,  of  this  book  was  included  in  the 
annual  statement  of  last  year;  that  of  type-setting,  printing  and  de- 
livery was  paid  this  year.  Altogether,  the  issue  of  this  general 
index  has  involved  an  expenditure  of  about  $2500.  That  it  was 
not  only  a  useful  undertaking — perhaps  the  most  useful  to  which 
that  sum  could  have  been  devoted  for  the  advantage  of  members — 
but  also  a  wise  business  operation,  is  proved  by  the  increased  receipts 
from  the  sale  of  publications  during  the  past  year.  The  ])ossession 
of  such  an  index  greatly  enhances  the  convenience,  and  therefore  the 
value,  of  the  Transactions  as  a  cyclopedia  of  modern  knowledge 
and  practice  in  the  professions  which  they  cover.  Ordinary  text- 
books can  never  be  either  so  comprehensive  or  so  detailed ;  and  only 
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at  intervals,  and  for  short  periods,  can  they  adequately  represent  the 
most  recent  science  or  experience.  On  the  other  hand,  the  invalu- 
able contributions  to  technical  literature  contained  in  the  annual 
reports  of  professional  societias,  or  in  the  scientific  periodicals,  are 
often  only  to  be  found  by  the  student  after  much  labor  in  searching 
through  inadequate  and  scattered  indexes. 

Fortunately  for  the  Institute,  its  income  has  been  large  enough  to 
permit  the  preparation  and  distribution  of  an  index,  giving  to  the 
numerous  volumes  of  its  Transactions  the  convenient  character  of  a 
single  work.  As  was  to  be  expected,  a  greater  demand  for  the 
back  volumes  immediately  made  itself  felt,  resulting  in  a  largely 
increased  revenue  from  their  sale.  The  amounts  given  in  the  annual 
statements  as  received  from  "sale  of  publications"  include  small 
suras  paid  for  copies  of  single  papers  in  pamphlet  form.  Neglect- 
ing these,  as  insignificant  in  proportion,  the  following  statement  will 
show  how  the  receipts  for  back  volumes  have  increased  during  the 
history  of  the  Institute,  since  they  became  important  enough  to  be 
separately  mentioned  in  the  annual  reports  of  the  Council: 


Received  from  sale 

Year  ending  February  of  publications. 

1879, $  171  50 

1880, 598  99 

1881, 290  50 

1882 926  25 

1883, 1102  00 

1884, 559  75 

1885, 740  67 

1886, 785  33 

1887, 472  86 

1888, 1112  22 

1889, 1848  90 

$8608  97 


The  stock  of  back  volumes  on  hand  has  never  been  reported 
among  the  available  assets  of  the  Institute,  although,  as  this  state- 
ment shows,  it  has  been  a  source  of  no  inconsiderable  revenue. 

The  volumes  are  not  stereotyped;  and  the  loss  to  the  Institute 
would  have  been  irreparable  if  the  stock  of  the  earlier  ones  on  hand 
in  1879,  had  not  been  rescued  by  Dr.  Drown  from  the  conflagration 
which  destroyed  the  building  in  which  they  had  been  deposited. 
With  the  exception  of  a  small  supply  kept  on  hand  at  the  Secre- 
tary's office,  these  books  are  now  stored  in  a  fire-proof  warehouse. 
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Throuf;:li  tlie  courage  and  foresight  of  the  Council,  which  directed 
the  j>ublication  of  the  first  volume,  an  edition  of  1500  copies  was 
printed,  although  the  nuniber  of  members  was  so  small  at  that  time  as 
to  cause  a  financial  deficiency,  for  which  the  individual  members  of  the 
Council  became  liable.  The  rapid  increase  of  membership,  however, 
soon  extinguished  this  debt,  and  vindicated  the  wisdom  which  had 
created  it.  The  edition  was  subsequently  increased  (with  Vol.  XL)  to 
2000  copies ;  then  successively  to  2100,  2200,  2300  and  2400,  which 
will  be  the  number  printed  of  Vol.  XVII.,  now  in  press.  The 
result  of  postponing  the  first  increase  so  long  was  that  the  supply 
of  Vols.  IX.  and  X.  became  disproportionately  reduced. 

The  number  of  back  volumes  on  hand  at  the  present  time  is  given 
in  the  following  statement,  together  with  their  value  at  the  price  for 
which  they  are  now  sold,  viz..  Vols.  I.,  II.,  III.  and  IV.  at  $2 
each;  V.,  VI.,  VII.  and  VIII.  at  $3  each;  and  the  rest  at  $5 
each,  except  vol.  X.,  the  price  of  which  is  $10.  For  bound  copies  (of 
which  a  few  are  kept  on  hand)  $1  each  is  charged  for  the  binding. 

Volumes  of  Transactions  on  Hctnd. 

Volume.                                                    Number  of  Copies.  Value. 

1 649  $1301  00 

.     II., 707  1416  00 

III., 634  1273  00 

IV., 518  1042  00 

v., 523  1575  00 

VI., ;         ,  560  1687  00 

VII., 491  147800 

VIII., 453  1363  00 

IX. 331  1660  00 

X 206  2066  00 

XI., .508  2545  00 

XII., 498  2495  00 

XIII., 509  2550  00 

XIV., 475  2383  00 

XV 440  2213  00 

XVI., 555  2810  00 

$2y,857  00 

Three  meetings  have  been  held  during  the  year:  the  eighteenth 
annual  meeting  (being  the  fiftieth  of  the  Institute)  at  Boston,  in 
February ;  a  May  meeting  at  Birmingham,  Ala. ;  and  an  October 
meeting  at  Buffalo,  N.  Y.  It  need  not  be  said  that  these  meetings 
were  both  plea.sant  and  instructive  to  those  who  attended  them;  and 
the  papers  for  which  they  gave  occasion  do  not  fall  below  the 
standard  which  has  been  maintained  in  our  Transactions  hitherto. 
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Itisan  inevitable  consequenceof  the  present  large  merabershipof  the 
Institute,  distributed  as  it  is  tliroughout  our  own  and  other  countries, 
that  its  benefits  should  be  enjoyed  by  the  overwiielniiiig  majority  of 
its  raetnhers  chiefly  or  solely  through  its  publications.  Perhaps  half 
the  members  have  never  attended  a  meeting.  Certainly  a  much  laro-er 
proportion  have  attended  but  two  or  three.  Since  the  abundant 
revenue  derived  from  this  class  is  what  permits  the  pul)lication  of 
our  Transactions  with  such  satisfactory  fulness  and  care;  and  since 
the  value  of  the  Transactions  is  the  main  reason  for  the  continuance 
of  this  revenue,  and  the  main  benefit  bestowed  by  the  Institute  upon 
the  arts  and  sciences  which  it  represents,  the  maintenance  of  unifurm 
excellence  in  this  respect  is  matter  for  hearty  congratulation  thus 
far,  and  for  solicitous  effort  in  future.  It  is  not  too  much  to  say 
that  everything  else  should  give  way  to  this. 

At  the  same  time,  the  social  and  professional  benefit  of  the  meet- 
ings is  intrinsically  desirable,  and  constitutes  a  most  important  factor 
in  the  production  of  valuable  papers  for  the  Transactions.  Judged 
by  its  principal  operations,  the  Institute  might  seem  to  be  no  more 
than  a  great  publishing  and  distributing  agency;  but  it  is,  and 
should  always  continue  to  be,  much  more  than  that.  The  personal 
friendships  and  professional  as  well  as  social  intercourse  promoted 
by  the  meetings,  and  by  the  constant  correspondence  of  members 
with  one  another,  and  with  the  Secretary's  office,  are  benefits  which 
a  mere  publishing  agency  could  not  confer. 

It  is  earnestly  desired  that  in  every  practicable  way  the  interest 
of  the  meetings  and  discussions  should  be  enhanced  ;  and  since 
most  of  the  papers  must  necessarily  be  read  by  title,  and  few  can 
be  presented  in  print,  opportunity  will  be  given  at  each  meeting 
for  the  discussion  or  continued  discussion  of  any  papers  presented 
at  former  meetings,  as  well  as  for  those  first  presented  at  that 
time.  It  is  hoped  that  the  practice  of  sending  remarks  by  mail 
to  the  Secretary,  in  discussion  of  papers,  will  be  extended  more 
widely  among  the  members.  Such  remarks,  though  published 
and  circulated  at  first  as  separate  sheets,  can  be  in  most  cases 
subsequently  appended  to  the  paper  to  which  they  refei',  on  its 
final  publication  in  the  annual  volume.  Even  when  this  is  rendered 
impracticable  by  the  circumstances,  care  will  be  taken  to  index 
them  so  that  the  reader  of  each  volume  may  be  guided  to  all  the 
opinions,  criticisms  and  statements  of  practice  which  it  contains 
upon  a  given  subject. 

Changes  in  membership  since  the  last  annual   report  have  been 
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as  follows:  4  honorary  members  (of  whom  2  were  previously 
"  foreij^n  members,")  182  members  and  20  associates  have  been 
elected  and  have  accepted  their  election  ;  8  members  have  been  re- 
instated ;  14  associates  have  become  members;  26  members  and  7 
associates  have  resiii:;ned  ;  34  members  and  10  associates  have  been 
dropped  from  the  roll  (subject  to  reinstatement  at  the  discretion  of 
the  council)  for  non-payment  of  dues;  and  the  deaths  of  19  members 
and  1  associate  have  been  reported. 

These  changes  are  tabulated  as  follows  : 


H.M. 


At  date  of  last  report 7 

Gains  by  Election '       2 

"  Cliange  of  Status 2 

"  Rei  nstatement 

Losses  by  Resignation 

"        Droppi  ng 

''        Change  of  Status 

"        Deaths 

Total  gains 

"      losses  

Present  Membership 


11 


F.  M. 


47 


2 
45 


M. 


1480 

182 

15 

8 

26 

34 

""\9 

205 

79 

1606 


A. 


180 
20 


7 

10 
14 

1 

20 

32 

168 


Totals. 


1714 

204 

17 

8 

33 

44 

16 

20 

229 

113 

1830 


The  list  of  deaths  comprises  the  names  of  William  Ashburner, 
D.  H.  Barrett,  B.  W.  Cheever,  S.  M.  Felton,  Herbert  C.  Foote, 
Ignatius  Hahn,  Prof.  R.  D.  Irving,  Daniel  N.  Jones,  G.  Jones,  E, 
Landsberg,  A.  H,  Nicholson,  Samuel  Noble,  Erich  C.  Schaufuss,  R. 
H.  Stodder,  W.  R.  Symons,  J.  N.  Tileman,  H.  A.  Tuttle,  T.  Frank 
Walter,  C.  E.  Wright,  members,  and  W.  H.  Harvey,  associate. 

The  exhibit  of  vigorous  prosperity  and  continued  increase  in 
strength  and  usefulness  constituted  by  the  foregoing  statistics  needs 
no  comment.  It  adds  another  to  the  long  and  unbroken  series  of 
similar  reports  presented  to  the  Institute,  and,  with  its  predecessors, 
bears  witness  to  the  strong  support  invited,  deserved  and  received 
by  this  society  from  the  members  of  the  profession  it  was  organized 
to  represent. 


The  following  persons  were  (at  this  and  the  preceding  session), 
upon  recommendation  of  the  Council,  unanimously  elected  as  mem- 
bers and  associates  respectively : 
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XXXIX 


MEMBERS. 


I 


W.  A.  Akers, . 
James  Allen,  . 
J.  A.  Allen,     . 
Charles  E  Andersson, 
Gustavns  J.  Bidtel, 
H.  Birkinbine, 
Harrington  Blauvelt, 
Albert  Broden, 
David  H.  Browne, . 
Henry  C  Carney,   • 
John  D.  Clieever,    . 
Spencer  W.  Clawson, 
Henry  S.  Craven,    . 
Donald  G.  Crichton, 
A.  B.  Davis,    . 
William  E.  Dickinson, 
P.  W.  Duffield, 
Thomas  A.  Edison, 
George  H.  Eldridge, 
Thomas  Fisher, 
Morcrieff  Parry  Gossett, 
Walter  S.  Greene,  . 
Eobert  A.  Hadfield, 
John  S.  Halsey, 
Robert  H.  Hammond, 
W.  P.  Headden,      . 
Robert  Henderson, 
H.  C.  Holthoff, 
Jacob  W.  Hoysradt, 
Millard  Hiiiisiker,  . 
James  T.  B.  Ives,    . 
Elfric  Drew  Ingalls, 
Charles  Davis  Jameson, 
Thomas  G.  Janvier, 
Walter  8.  Kelley,    . 
Martin  A.  Lathrop, 
Albert  R.  Ledonx, . 
James  G.  Lindsley, 
William  W.  Lindsay, 
J.  M.  McMahan,     . 
Herman  C.  Mannheim, 
P.  A.  L.  Mannheim, 
Edward  P.  Mathewson, 
William  S.  Maxwell, 
Henry  G.  jNIerry,    . 
John  Da  Costa  Newbold 
A.  W.  Nibeliiis, 
John  D.  Ormrod,    . 
L.  Orynski,     . 


Philipsbnrg,  Mont. 
Wellington,  N.  Z. 
Alliance,  O. 
Denver,  Colo. 
Rising  Fawn,  Ga. 
Council  Bluffs,  Iowa. 
De  Noon,  Arizona. 
Reading,  Pa. 
Ann  Arbor,  Mich. 
Biitte  City,  Mont. 
New  York  City. 
Bisbee,  Arizona. 
Boston,  Mass. 
Montalbion,  Queensland. 
Eureka,  Nevada. 
Bessemer,  Mich. 
London,  England. 
Orange,  N.  J. 
Washington,  D.  f'. 
Horatio,  Pa. 
London,  England. 
Crown  Point,  N.  Y. 
Sheffield,  England. 
Biiena  Vista,  Colo. 
Philadelphia,  Pa. 
Rapid  City,  Dakota. 
Glasgow,  Scotland. 
Buena  Vista,  Colo. 
Hudson,  N.  Y. 
Pittsburgh,  Pa. 
Toronto,  Canada. 
Ottawa,  Canada. 
Iowa  Cit}^  Iowa. 
Philadelphia,  Pa. 
Helena,  Mont. 
Parral,  Mexico. 
New  York  City. 
Rondout,  N.  Y. 
Philadelphia,  Pa. 
New  York  City. 
Pueblo,  Colo. 
Pueblo,  Colo. 
Pueblo,  Colo. 
Brooklyn,  N.  Y, 
Low  Moor,  Va. 
Norristown,  Pa. 
Hackettstown,  N.  J. 
Emans,  Pa. 
San  Antonio,  Texas, 
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Josepli  Payette, 
Otto  Pfordte,  . 
O.  B.  Peck,     . 
R.  W.  P.  llicliardson, 
Tliomas  Rickard,  Jr., 
Nathan  II.  Robertson, 
Angiistiis  M.  Rvon, 
AVilliani   E.  8uunders, 
Frederick  Sliarpless, 
Morris  R.  Slierrerd, 
Major  A.  J.  Simmons, 
Josef  Simons, 
Edwin  A.  Sperry,    . 
Francis  L.  Sperry,  . 
Henry  M.  Stanley, . 
Frank  M.  Stanton,  . 
A.  A.  Stevenson,     . 
Robert  Stevenson,   . 
H.  R.  Stoughton,     . 
James  R.  Strawbridge, 
Oscar  Szontagh, 
A.  O.  Tate,      , 
Laurence  W.  Tatum, 
George  H.  Thomson, 
Laurence  E.  Tierney, 
Arthur  Uddenberg, 
Ferdinand  Van  Zandt, 
Ferdinand  Von  Leicht, 
M.  H  Wadsworth, . 
George  B.  Wilkinson, 
Joseph  L.  Wills,     . 
Ernest  R.  W^oakes, 


Ferrona,  N.  Y. 

Lima,  Peru. 

Cliicago,  III. 

Scottdale,  Pa. 

Eureka,  Nev.ida. 

Scrautou,  Pa. 

Doer  Lodge,  Mont. 

Fayette,  Mich. 

Ilougiitou,  Mich. 

Scranton,  Pa. 

Rapid  City,  Dakota. 

New  York  City. 

St.  Elmo,  Colo. 

Sudbury,  (IJanada. 

Cuyahoga  Falls,  O. 

Atlantic  Mine,  Mich. 

Lewistown,  Pa. 

San  Francisco,  Cal. 

Shelby,  Ala. 

Ivanhoe  Furnace,  Va. 

San  Francisco,  Cal. 

Orange,  N.  J. 

Posa,  Sonora,  Mex. 

NevvYork  City. 

Bramwell,  W.  Va. 

Marquette,  Mich. 

New  York  City. 

New  Almaden,  Cal. 

Houghton,  Mich. 

New  York  City. 

Buckingham,  Quebec,  Canada. 

Honda,  U.  S.  of  Colombia,  S.  A. 


ASSOCIATES. 


R.  G.  lirown,  . 
H.N.Camp,    . 
Joseph  L.  Colby,     . 
Justice  Cox,  Jr., 
Stuart  Warren  Cramer, 
Alfred  de  Castro,     . 
Percy  LeRoy  Fearn, 
L.  W.  Francis, 
Francis  W.  Hardwick, 
Fritz  A.  lleinze, 
Marinaduke  B.  Holt, 
Reginald  F.  Jopling, 
George  W.  Palmer, 
Ysidoro  Ygnacio  Polledo, 
Edwin  H.  Wedekind, 


.  New  York  City. 

.  New  York  City. 

,  Milwaukee,  Wis. 

.  Philadelphia,  Pa. 

.  New  York  City. 

.  New  York  City. 

.  New  York  City. 

.  New  York  City. 

.  London,  England. 

.  New  York  City. 

.  New  York  City. 

.  New  York  City. 

.  Saltville,  Va. 

.  Cardenas  R.R.,  Cuba. 

.  New  York  City. 
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CHANGE   OF   STATUS. 


Thomas  H.  Hnrlbert, 
Charles  F.  Lacomhe, 
Charles  Murray, 
H.  B.  C.  Nitze, 
C.  W.  Pritchett,       . 
N.  C.  Ray,       . 
Rollin  H.  Wilbur, 


Diiluth,  Minn. 

Denver,  Colo. 

St.  Louis,  Mo. 

Carroll,  Deer  Lodge  Co.,  Mont. 

Pine,  Idaho. 

Biitte  City,  Mont. 

South  Bethlehem,  Pa. 


The    following   agneudments   to  the    Rules    Mere  discussed  and 

adopted,  subject  to  the  approval  of  members  by  ballot,  according  to 

Rule  VI 11. : 

Rule  II. 

Strike  out  the  following  words  in  the  Proviso:  "or  to  be  mem- 
bers of  the  Council." 

Rule  V. 

Strike  out  in  the  first  sentence  the  words  "stamped  with  the  seal 
of  the  I  nstitute ;"  and  insert,  at  the  end  of  the  same  sentence,  the  words 
"and  if  the  Council,  or  a  committee  thereof,  appointed  for  the  pur- 
pose, shall  have  recommended  any  nominations,  such  recommenda- 
tion may  also  be  sent  to  members  and  associates  with  the  said  list 
of  all  nominations  made,  but  not  upon  the  .same  paper." 

The  amended  rule  would  read  as  follows: 

V. 

ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows:  Nominations  may  be  sent  in 
writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  the  annual  meeting;  and  the  Secretary  shall,  not 
less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  oflBce  so  received, 
together  with  a  copy  of  this  Rule,  and  the  names  of  the  persons  ineligible  for 
election  to  each  office;  and  if  the  Council,  or  a  committee  thereof  appointed  for 
the  purpose,  shall  have  recommended  any  nominations,  such  recommendation  may 
also  be  sent  to  members  and  associates,  with  the  said  list  of  all  nominations  made, 
but  not  upon  the  same  paper.  And  each  member  or  associate,  qualified  to  vote, 
may  vote,  either  by  striking  from  or  adding  to  the  names  of  the  said  list,  leaving 
names  not  exceeding  in  number  the  officers  to  be  elected,  or  by  pre[iaring  a  new 
list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mailing  it  to 
the  Secretary  or  presenting  it  in  person  at  the  annual  meeting;  Provided,  tliat  no 
member  or  associate  in  arrears  since  the  last  annual  meeting  shall  be  allowed  to 
vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be  received  and 
examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by  the  presiding 
oflBcer;  and  the  person  Avho  shall  have  received  the  greatest  number  of  votes  for 
the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so  report  to  the 
presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the  elected  officers, 
certified  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary. 
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Mr.  E.  C.  Pechin  offered  a  resolution,  rending  (after  amendments 
suggested  by  Prof.  T.  Egleston  and  accepted  by  Mr.  Pechin) : 

J\('so/cc(I,  That  the  annual  meeting  of  the  Institute  be  devoted  to 
the  transaction  of  such  business  as  may  be  presented,  and  to  the 
reading  and  discussion  of  pa[)ers,  excursions  being  generally 
omitted. 

After  debate  the  resolution  was  laid  on  the  table. 

The  following  papers  were  read  by  title  in  the  absence  of  their 
authors: 

A  Rapid  Method  for  the  Reduction  of  Ferric  Sulphate  in  Volu- 
metric Analysis,  by  Clemens  Jones,  Hokendauqua,  Pa. 

The  Wcnstrom  Magnetic  Separator,  by  Robert  A.  Cook,  New 
Brunswick,  N.  J. 

Hollow  Iron  Pig-Patterns,  by  B.  F.  Fackenthal,  Jr.,  Riegels- 
ville.  Pa. 

Notes  on  the  Electrolytic  Assay  of  Copper,  by  William  Glenn, 
Baltimore,  Md. 

Coal-Transfer  of  the  Mt.  Carbon  Company,  Limited,  by  W.  N. 
Page,  Powell  ton,  W.  Va. 

Gold-Milling  in  the  Black  Hills,  by  H.  O.  Hofman,  Rapid  City, 
Dakota. 

Note  on  the  Koepe  System  of  Winding  from  Shafts,  by  J.  H. 
Harden,  Phoenixville,  Pa. 

Ore-Deposits  of  the  Black  Hills  of  Dakota,  by  F.  R.  Carpenter, 
Rapid  City,  Dakota. 

Note  on  the  Influence  of  Colunibite  on  the  Tin  Assay,  by  F.  R. 
Carpenter  and  W.  P.  Headden,  Rapid  City,  Dakota. 

The  Distribution  of  Phosphorus  in  the  Ludington  Mine,  Iron 
Mountain,  Michigan  :  a  Study  in  Isochemic  Lines,  by  David  H. 
Browne,  Ann  Arbor,  Mich. 

A  New  System  for  Operating  Regenerative  Hot-Blast  Stoves,  by 
Jacob  T.  Wainwright,  Pittsburgh,  Pa. 

Notes  on  the  Bernice  Anthracite  Coal-Basin,  Sullivan  Co.,  Pa., 
by  Clarence  R.  Claghorn,  Birmingham,  Ala. 

Automatic  Dumping  Cradles  for  Mine-Cars,  by  H.  S.  Munroe, 
New  York  City. 

The  English  versus  the  Continental  System  of  Jigging:  Is  Close 
Sizing  Advantageous?  by  H.  S.  Munroe,  New  York  City. 

Silicon  in  Cast-iron,  by  W.  J.  Keep,  Detroit,  Mich.,  with  Ana- 
lytical Determinations  by  H.  S.  Fleming,  Emporium,  Pa.,  and  Ed- 
ward Orton,  Jr.,  Columbus,  O. 
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The  Occurrence  and  Treatment  of  the  Argentiferous  Manganese- 
Ores  of  Tombstone,  Arizona,  by  Charles  W.  Goodale,  Butte  City, 
Montana.  (Originally  j)resente(l  at  the  Utah  and  Montana  Meeting 
of  1887,  but  not  printed  at  that  time.) 

A  Note  upon  a  Modification  of  the  Reducing  Process  used  by  the 
Carbon  Iron  Company,  by  A.  E.  Hunt,  Pittsburgh,  Pa. 

Soaping  Geysers,  by  Arnold  Hague,  Washington,  D.  C. 

A  Review  of  the  Iron-Mining  Industry  of  New  York  for  the  Past 
Decade,  by  John  C.  Smock,  Albany,  N.  Y. 

A  Rapid  Method  for  the  Determination  of  Phosphorus  in  Certain 
Ores,  by  T.  Reed  Woodbridge,  Port  Henry,  N.  Y. 

Supplementary  Note  on  Blast-Furnace  Lines,  by  Edward  Walsh, 
Jr.,  St.  Louis,  Mo. 

Prominent  Sources  of  Iron-Ore  Supply,  by  John  Birkinbine, 
Philadelphia,  Pa.  (Originally  announced  at  the  Birmingham 
Meeting.) 

The  sixth  and  concluding  session  was  held  at  the  Stevens  Insti- 
tute of  Technology,  Hoboken,  N.  J.,  on  Friday  morning,  February 
22d,  when  the  following  papers  were  read  and  discussed : 

Note  upon  Some  Results  of  the  Storage  of  Water  in  Arizona,  by 
W.  P.  Blake,  New  Haven,  Conn. 

Nails  from  Tin-Scrap,  by  Oberlin  Smith,  Bridgeton,  N.  J. 

The  Reopening  of  the  Tilly  Foster  Iron  Mine,  by  F.  H.  Mc- 
Dowell. 

The  Economy  of  Modern  Air-Compressors,  by  J.  E.  Denton, 
Hoboken,  N.  J.* 

Excursions  and  Entertainments. 

With  the  exception  of  a  brief  visit  to  the  S[)iral  Weld  Tube 
Works  at  East  Orange,  on  the  way  to  the  session  of  Wednesday,  at 
Llewellyn,  N.  J.,  there  were  no  excursions  during  the  meeting.  After 
the  close  of  the  last  of  the  six  working-sessions  (the  largest  number 
ever  held  during  a  single  meeting  of  the  Institute),  various  points 
of  interest  in  New  York  City  were  visited  on  Friday  afternoon  by 
such  members,  individually  or  in  parties,  as  chose  to  make  such  use 
of  the  cordial  invitations  extended  to  them.  On  Saturday  morning 
a  large  number  of  members  and  guests,  who  had  remained  in  the 
city  after  the  conclusion  of  the  meeting,  enjoyed  an   excursion  by 
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steamer  to  the  shops  of  the  Central  Forge  Co.,  Whitestone,  L.  I., 
theU.  S.  Kiit;ineer  Post  aiivl  Torpedo  Station,  Willets  Point,  L.  I., 
and  the  Zalinski  dynamite  j:;un  at  Fort  llftmilton.  Luncheon  was 
furnished  on  board  tlie  steamer  by  tlie  Local  Committee. 

Mr.  Thomas  A  Fdison,  before  the  session  of  Wecbiesday  after- 
noon, and  I'residcnt  Ilenry  Morton,  of  the  Stevens  Institute,  after 
the  closing  session  of  Friday  morning,  entertained  the  members  and 
guests  at  luncheon.  On  Friday  evening  a  brilliant  social  recej)tion 
was  given  in  honor  of  the  Institute,  by  Mr.  and  Mrs.  A.  S.  Hewitt. 

On  Thursday  evening  a  subscription  dinner  took  place  at  the 
Brunswick  Hotel. 


Members,  Associates  and  Guests  Present, 
The  following  names  were  registered  at  hotel  headquarters 


W.  H.  Adams. 
A.  W.  Allen. 
James  Archbald. 
,J   B.  Austin. 
W.  L.  Anstin. 
Charles  Bailey. 
James  C.  Bayles. 

F.  W.  Barnes. 
O.  W.  Barnes. 
Alfred  L.  Beebe. 
Dr.  Eobert  Bell. 

G.  H.  Billings. 
Theodore  A.  Blake. 
AViUiam  P.  Blake. 
H  M.  Boies. 

J   II.  Bowden. 
.lerome  L.  Boyer. 
J.  H.  Bratuwell. 
,\lbert  Broden. 
George  Brooks. 
Henry  W.  Bnlkley. 
M.  D.  Bnrke. 
J.  P.  Carson. 
S.  H  Chauvenet. 
Walter  S.  Church. 
C.  R.  C'laghorn. 
F.  L.  Clerc. 

F.  Colling  wood. 
H.  V.  Conrad. 
C.  Constaide. 
James  Constable. 

G.  G.  Converse- 


Edgar  S.  Cook. 

Torbert  Coryell. 

A.  H.  Cowles. 

W.  E.  G.  Coxe. 

G.  R.  Cullingworth. 

H.  M.  Cnrry. 

C.  W.  Davenport. 

David  T.  Day. 

A.  H.  DeCamp. 

W.  S.  DeCamp. 

E.  V.  d'Invilliers. 

J  E.  Denton. 

Frederick  P.  Dewey. 

W.  F.  Downs. 

T.  M.  Drown. 

P.  H.  Dudley. 

A.  Faber  Du  Fanr. 

W.  F.  Durfee. 

E.  D.  Edgerton. 

T.  Egleston. 

Karl  Filers. 

C.  E.  Emery. 

A.  H.  Emery. 

S.  F.  Emmons. 

"William  E.  C.  Eustis. 

J.  D.  Evans. 

J.  S.  Fackenthal. 

Clark  Fisher. 

Thomas  Fisher. 

R.  G.  Ford. 

Homer  T.  Fuller. 

Robert  S.  Fulton. 
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H.  D.  Gamble. 
Albin  Garrett. 
S.  D.  Giflbrd. 
John  L.  Gill,  Jr. 

C.  H.  Glasser. 
William  Glenn. 
G.  M.  H.  Good. 
Frederick  W.  Gordon. 
Walter  Graham. 
George  Ross  Green. 

D.  F.  Haasis. 
William  Hainsworth. 
Edward  B.  Harden. 
John  H.  Harden. 

G.  C.  Hewett. 
George  Henry  Hewitt. 
Eobert  Henderson. 
Samuel  Hines. 
L.  Holbrook. 
J.  F.  Holloway. 
Marmaduke  Holt. 
H.  M.  Howe. 
W.  S.  Hungerford. 
Alfred  E.  Hunt. 
K.  W.  Hunt. 
A.  O.  Ihlseng. 
James  T.  B.  Ives. 
Thomas  G.  Janvier. 
C.  H.  Jouet. 
Henry  D.  Kerr. 
Joseph  C.  Kent. 
William  Kent. 
Charles  Kirciihoff,  Jr. 
George  F.  Kunz. 

E.  K.  Landis. 
Eobert  H.  Lamborn. 
H.  W.  Lash. 

L.  G.  Laurean. 
E.  D.  Leavitt,  Jr. 
R.  G.  Leckie. 
A.  E.  Lehman. 
George  M.  Lehman. 

E.  A.  Lewald. 
J.  F.  Lewis. 
Arthur  McClelian. 
Andrew  S.  McCreatlr. 

F.  H.  McDowell. 
J.  W.  McGenniss. 
R.  C.  McKinney. 
J.  M.  McMahan. 
Charles  Macdonald. 


J.  B.  Mackintosh. 
Arthurs.  Mahoney. 
Alfred  Markham. 
Charles  A.  Marshall. 
R.  L.  Martin. 
Charles  C.  Mattes. 
G.  W.  Maynard. 
C.  A.  Meissner. 
F.  J.  H.  Merrill. 
P.  2s.  Moore. 
Henry  G.  Morris. 
S.  Fisher  Morris. 
H.  S.  Munroe. 
George  C.  Munson, 
H.  B.  Nason. 
William  G.  Xeilson. 
Augustus  W.  Xewell. 
George  Ormrod. 
John  D.  Ormrod. 
Charles  O.  Parsons. 
C.  Q.  Payne. 
F.  N.  Pease. 

E.  C.  Pechin. 
Nelson  W.  Perry. 
W.  H.  Pettee. 
W.  F.  Pinkham. 

F.  E.  Piatt. 
R.  E.  Plumb. 
Francis  A.  Pocock. 
J.  N.  Pott. 
William  B.  Potter. 
George  H.  Potts. 
Frederick  H.  Prentiss. 
J.  A.  Price. 
Theodore  D.  Rand. 

J.  C.  F.  Randolph. 
R.  M.  Raymond. 
R.  W.  Raymond. 
W.  H.  Rea. 
George  S.  Rice. 
R.  H.  Richards. 
P.  de  P.  Ricketts.   * 
Charles  Ridgely. 
George  W.  Riggs. 

E.  N.  Riotte. 

F.  C.  Roberts. 

C.  Snelling  Robinson. 

D.  S.  Robinson. 
S.  J.  Robinson. 
Charles  M.  Rolker. 
C.  Henry  Roney. 
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E.-J.  Sclimitz. 
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J.  M.  Slierrerd. 

J.  M.  Silliman. 
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F.  M.  Siniomls. 

Frederick  J.  Slade. 

Oberlin  .Sniith. 

J.  C.  Smock. 

E.  Gybbon  Spilsbiiry. 

Albert  Spies. 

George  C.  Stone. 

Cliarles  Taylor. 

W.  J.  Taylor. 


H.  G.  Torrey. 

D.  Townsend. 
.).  W.  Tys.m. 
Edward  A.  Ueliling. 
Leonard  Waldo. 
John  A.  Walker. 
Bard  Wells. 
Maimsel  White. 
William  Wliite,  Jr. 
Jerome  Wheelock. 
Jolin  F.  Wilcox. 
W.  H.  Wiley. 
George  B.  Wilkinson. 
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Henry  J.  Williams. 
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TEE  LOSSES  IN  BOASTING  GOLD-OBES  AND   THE  VOLA- 
TILITY OF  GOLD. 


BY  SAMUEL    B.   CHRISTY.  PROFESSOR     OF    MINING    AND    METALLURGY, 
UNIVERSITY   OF   CALIFORNIA,    BERKELEY,    CAL. 

(Birmingham  Meeting,  May,  1888. J 

My  attention  was  first  definitely  called  to  this  subject  in  1880  by- 
Mr.  Chas.  H.  Crosby,  then  in  charge  of  the  Pioneer  Reduction 
Works  at  Nevada  City,  California.  He  stated  that  he  had  found 
extremely  great  difficulty  in  treating  the  sulphurets  from  the 
Murchie  Mine.  This  mine  was  at  that  time  producing  considerable 
quantities  of  concentrated  sulphurets  that  often  assayed  as  high  as 
$150  per  ton.  About  three-fourths  of  this  value  was  in  gold,  the 
rest  in  silver.  In  order  to  extract  the  silver  content  it  was  neces- 
sary to  roast  with  salt.  Without  salt  Mr.  Crosby  said  he  could  roast 
the  ore  with  very  little  loss  of  either  metal,  but  the  moment  salt 
was  added  losses  began  to  show  themselves  very  rapidly.  Thus, 
according  to  his  tests,  with  3  per  cent,  salt,  the  gold  loss  was  30  per 
cent,  and  the  silver  50  per  cent,  of  the  assay  value.  He  attributed 
these  losses  to  tellurides  which  he  supposed  to  be  present.  Through 
his  kindness  I  secured  a  quantity  of  this  ore,  and  with  it  I  have 
made  a  large  number  of  tests,  with  the  assistance  of  several  of  my 
students,  at  the  Mining  Laboratories  of  the  University  of  Califor- 
nia. Some  of  the  more  important  results  of  this  work  I  shall 
present  in  this  paper. 

I  have  also  had  occasion  to  examine  into  the  literature  of  the 
subject,  and,  curiously  enough,  in  spite  of  its  great  practical  impor- 
tance, there  seems  to  be  very  little  definite  information  in  print  con- 
cerning it.  Many  of  our  standard  authorities  are  either  silent  on 
the  question  or  contain  erroneous  statements.  The  best  information 
is  in  a  shape  hardly  accessible  to  those  who  need  it,  and  consequently 
I  have  thought  it  advisable  to  include  a  brief  abstract  of  what  I 
have  been  able  to  glean,  in  a  shape  for  convenient  reference. 

The  Effect  of  Heat  Alone  on  Metallic  Gold. 

Gmelin  and  Kraut,  in  their  Handbuch  der  Chemie,  Bd.  III.,  p. 
1065,  edition  of  1875,  say:  "In   the  highest  furnace  heat,  in  the 
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buriiini;  mirror,  and  in  the  oxyhydrogen  flame,  gold  is  only  volatile 
to  a  small  extent.  A  silver  j)late  held  over  gold  wl)i(!h  is  strongly 
heated  in  tlic  focus  of  a  burning  mirror  is  slowly  gilded  (Honiberg). 
In  melting  j)latinum  which  contains  gold,  the  latter  is  volatilized 
and  may  be  collected  by  condensing  it(Deville  and  Debray).  Com- 
pare Fuchs  on  volatilization  of  gold  in  roasting  ores  containing 
volatile  metals  (Fuchs,  Wien  Akad.,  Ber.,  Oct.,  1850);  by  melting 
by  itself  or  in  alloys  (Xapier).  Pure  gold  placed  on  the  surface  of 
porcelain  in  a  good  furnace  fire,  according  to  Elscner,  volatilizes  in 
part,  but  not  entirely." 

I  have  been  unable  to  find  the  reference  to  the  work  of  Fuchs, 
but  an  absti'act  of  it  is  given  in  the  Engineering  and  Mining  Journal, 
August  22d,  1885,  together  with  a  curious  list  of  many  of  the  older 
authorities  on  the  subject,  by  Dr.  Henry  Wurtz.  According  to  Dr. 
Wurtz,  Fuchs  roasted  black  copper,  and  found  losses  due,  in  his  judg- 
ment, to  the  presence  of  the  volatile  metals — arsenic  and  antimony, 
and  not  to  sulphur,  sulphides,  or  metallic  oxides.  After  roasting 
the  black  copper  till  losses  ceased,  he  treated  the  ore  with  sulphuric 
acid  and  roasted  again.  He  found  losses  of  gold  and  silver  so  long 
as  coal  [charcoal  f)  w^as  present  in  the  mass.  Homberg,  in  1709, 
claims  to  have  found  apjireciable  quantities  of  gold  in  pyrites  that 
showed  no  traces  of  it  after  being  roasted.  I  shall  come  to  this 
subject  later  on. 

Fell  ling's  Handwdrterhuch  der  Chemie,  Bd.  III.,  p.  476,  states 
that  the  discharge  of  electricity  of  high  tension  from  fine  gold 
points  volatilizes  gold. 

In  addition  to  the  above  I  would  add  that  gold  is  easily  volatile 
at  the  point  of  a  good  mouth  blow-pipe  flame.  It  is  necessary  to 
take  a  small  fragment  of  gold,  not  larger  than  a  pin-head.  If  this 
is  melted  on  a  Plattner  cupel  with  the  outer  tip  of  the  oxidizing 
flame  the  outer  margin  of  the  bone-ash  soon  becomes  colored  purple 
with  volatilized  gold. 

Tpie  Effect  of  an  Oxidizing  Roasting  on  Gold  Ores. 

Of  course,  such  temperatures  as  these  never  occur  in  roasting  gold 
ores,  and  it  does  not  follow  because  gold  is  volatile  at  a  melting 
temj)erature  that  it  is  volatile  in  oxidizing  roasting. 

Plattner,  in  his  Metallurgische  Rostprozesse  (Freiberg,  185G),  goes 
very  minutely  into  the  losses  of  gold  and  silver  in  oxidizing  roast- 
ing. He  shows  by  a  long  series  of  tests  made  on  the  small  scale  in 
the  muffle  that  a  loss  of  silver  in  oxidizing  roasting  is  unavoidable. 
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Tims,  in  some  fifty  tests,  varying  from  |  of  an  liour  to  IJ  liours  in 
duration,  he  records  losses  of  from  0.5  per  cent,  to  IS  i)er  cent.  He 
concludes  (p.  126)  that  the  percentage  loss  of  silver  increases  with 
the  temperature  of  roasting,  with  the  looseness  or  porosity  of  the 
roasting  charge,  that  is,  with  the  facility  with  which  the  air  can 
come  into  contact  with  the  silver,  and  the  freedom  of  the  silver  from 
combination  with  other  substances.  The  loss  also  increases  with  the 
time  of  roasting.  He  also  concludes  that  the  silver  is  volatilized  in 
the  condition  of  oxide  which  decomposes  at  a  lower  temperature 
into  silver  and  oxygen.* 

With  regard  to  gold  contained  in  metallic  sulphides  statements 
had  been  made  prior  to  Plattner's  time  that  considerable  losses  had 
taken  place  when  these  were  subjected  to  an  oxidizing  roasting, 
amounting  in  some  cases  to  100  per  cent,  (vide  Homberg,  previously 
cited).  He,  therefore,  made  a  large  number  of  roasting  tests,  both 
direct  and  synthetic.  In  these  last  he  used  artificial  mixtures  con- 
taining known  amounts  of  gold,  eitiier  as  fine  dust  or  as  artificial 
sulphides  and  arsenides.  He  concludes  (pp.  127-129)  that  a  loss  of 
gold  can  take  place  in  an  oxidizing  roasting  only  when  the  opera- 
tion is  carried  on  so  rapidly  that  fine  particles  are  carried  off  me- 
chanically by  the  draft.  He  also  states  that  the  celebrated  Winkler 
had  come  independently  to  the  same  conclusion. 

With  regard  to  oxidizing  roasting  Kiistel,  in  his  Roasting  of 
Gold  and  Silver  Ores,  1880,  says,  p.  58  :  "  Generally  no  loss  of  gold 
is  suffered  during  the  roasting,  neither  with  iron  pyrites,  nor  with 
arsenical  pyrites,  although  exposed  to  a  considerable  heat  and  for  a 
long  time  (from  24  to  48  hours).  Many  manipulators,  however, 
who  have  had  much  experience  in  roasting  gold  sulphurets,  com- 
plain of  considerable  loss  of  gold  with  some  kind  of  sulphurets, 
which  they  could  not  avoid  in  spite  of  all  experiments  with  refer- 
ence to  heat  and  general  treatment.  It.  is,  therefore,  always  advi- 
sable to  investigate  the  loss  of  gold  with  new  sulphurets  by  assay." 

On  p.  57  Kiistel  records  the  loss  of  20  per  cent,  of  the  gold- 
content  in  the  oxidizing  roasting  of  certain  tellurides  of  gold  and 
silver,  and  states  that  it  is  not  a  mechanical  loss,  but  is  due  to  vola- 
tilization. That  this  is  so  with  certain  tellurides  of  gold  is  undoubt- 
edly true,  though  I  have  not  yet  had  sufficient  opportunity  to  thor- 
oughly investigate  this  branch  of  the  subject. 

*  Prof.  Percy,  Silver  and  Gold,  vol.  i.,  p.  18,  throws  some  doubt  on  this  last  con- 
clusion, and  further  experiments  are  perhaps  necessary  to  settle  the  matter.  As  to 
the  amount  of  the  loss  there  is  no  doubt. 
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Experiments   with    the    Oxidi/ing-Roastino  of   Murchie 

rvuiTE. 

Til  order  to  thoroughly  tost  the  coiiclnsioiis  of  Plattner,  as  far  as 
the  Neva(hi  City  ore.s  wore  eoiicerned,  I  have  made  in  my  laboratory 
at  various  times  a  numher  of  tests.  The  sulphiiiets  were  carefully 
e.xamitied,  and  wore  found  to  contain  chiefly  pyrite,  with  small 
amounts  of  chalcopyrite  (ahout  0.5  per  cent,  to  1.5  per  cent,  of  me- 
tallic cojipor),  a  little  galena,  very  small  amounts  of  quartz,  and 
traces  of  quicksilver  from  the  batteries.  Analysis  showed,  besides, 
reactions  for  areenic  and  antimony  in  traces,  but  although  carefully 
tested  for,  no  reaction  for  tellurium  could  l)e  obtained.  I  under- 
stand, however,  that  in  some  samples  of  the  ore  from  this  mine 
traces  of  selenium  and  tellurium  have  been  reported. 

In  1881  Mr.  Douglas  Lindley,  one  of  my  students,  made  in  du- 
plicate two  careful  o.xidizing  roasts  with  this  ore.  ^J'he  charges  were 
2  assay  tons  eacli.  They  were  roasted  in  the  muffle  at  a  low  red 
heat  for  an  hour,  and  the  temperature  was  raised  to  a  full  red-heat 
for  half  an  hour  more.  In  1882  I  roasted  two  charges  of  1  assay 
ton  (29.166  grammes)  each  of  this  same  ore.  They  were  roasted 
for  one  hour  at  a  very  dull-red  heat  with  the  covers  on  the  roasting- 
dishes;  then  for  another  hour  at  the  same  temj>erature  with  the 
covers  off,  and  were  finally  finished  at  a  cherry-red  for  half  an*  hour. 
Total  time,  2|  hours.  In  1886  Mr.  Franklin  Booth,  my  assistant, 
made  another  roast  with  this  ore.  Charges  were  1  assay  ton  each. 
Temperature  was  at  first  incipient  red  for  half  an  hour,  then  dull- 
red  for  8  hours,  the  total  time  being  8|  hours. 

In  each  of  these  cases  the  lot  of  ore  was  very  carefully  sampled, 

and  the  raw  ore  assayed  by  scorification  ;  the  whole  of  the  roasted 

ore  was  then  assayed  by  the  crucible  assay.     The  results  were  as 

follows: 

TABLE  I. 

Oxidizing   Muffle-Roasts. 


Rnw  Ore. 
Oz.  per  ton. 

Roasted  Ore. 
Oz.  per  ton. 

Percentage  Loss. 
Per  ton. 

Gold. 

Silver. 

Odd. 

Silver. 

Gold. 

Silver. 

1881,  Linrllev,  U  hours,    . 

1882,  Christ V,   2h      " 
1886,  Booth,"     8i      " 

4.58 
4.58 
4..50 

27.50 
27.65 
28.39 

4.58 
458 
4.50 

26.44 

27.07 
27.39 

0.00 
0.00 
0.00 

3.85 
2.09 
3..52 

In  order  to  obtain  the  above  results,  however,  the  most  minute 
precautions  had  to  be  taken  to  avoid  all  causes  of  mechanical  loss. 
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Roasting-covers  were  used  till  all  danger  of  decrepitation  was  over, 
and  stirring  was  avoided,  as  well  as  all  excess  of  draft.  The 
samples  were  exposed  in  a  thin  layer,  and  the  roasting  was  in  all 
eases  ver}^  complete.  The  balance  used  was  sensitive  to  less  than 
0.01  mg.  Hence  in  the  1  assay  ton  lots  any  loss  of  gold  above  20 
cents  to  the  ton  would  have  been  shown  by  the  balance,  and  with 
the  2  assay  ton  lots  above  10  cents  per  ton  would  have  been  shown. 
This  seems  to  explain  Romberg's  statement  and  that  of  others 
that  gold  could  not  be  found  in  pyrite  after  oxidizing  roasting, 
althouo^h  traces  could  be  found  before  roasting.  The  oiilv  conclu- 
sion  seems  to  be  that  such  roastino^s  were  so  conducted  as  to  cause  a 
mechanical  loss  by  dusting. 

Hence  we  may  fairly  conclude  that  Plattner's  statements  concern- 
ing the  non-volatility  of  gold  during  the  conditions  that  maintain 
in  the  oxidizing  roasting  of  auriferous  pyrite  are  entirely  correct. 
And  it  may  be  fairly  assumed  that  where  a  loss  of  gold  is  reported 
in  such  cases  that  it  is  due  to  a  mechanical  loss  due  to  excess  of 
draft  or  to  insufficient  or  improperly  arranged  dust-chambers. 

The  Relations  of  Gold  to  Chlorine. 

The  Plattner  chlorination  process  has  made  familiar  to  almost 
•very  one  the  fact  that  when  gold  is  exposed  to  the  action  of 
chlorine  gas  in  the  cold,  it  is  attacked  and  the  soluble  chloride  of 
gold,  AuClj,  is  formed.  According  to  most  authorities  there  exist 
two  other  chlorides  of  gold  ;  the  subchloride  AuCl,  formed  when 
AUCI3  is  heated  to  130°  to  200°  C.  and  a  double  chloride  AuCl, 
AuClj  formed  by  warming  AuCl  or  gold  sponge  in  AuC]3.  Pratt 
states  that  when  AUCI3  is  heated  in  chlorine  a  higher  chloride  than 
AuClj  forms.  - 

In  Gmelin-Kraut  I  find  the  statement  (1.  c.  p.  1016)  "molten 
gold  is  not  attacked  by  chlorine."  There  is  no  alleged  basis  lor 
this  statement,  but  a  simple  reference  to  the  Miller  chlorination 
process  for  refining  gold,  where  no  further  explanation  is  given. 
This  statement  is,  as  I  shall  show  later,  entirely  wrong.  It  seems 
strange  to  find  so  misleading  a  statement  in  such  an  authority. 

Prof.  Percy  (Silver  and  Gold,  Part  I.  p.  402)  gives  an  account  of 
experiments  made  in  1838  by  Messrs.  Lewis  Thompson  and  Arthur 
Aiken  for  "  a  method  of  assaying  and  purifying  gold."  Mr.  Thomp- 
son received  a  prize  of  20  guineas  for  his  method  from  the  Society 
of  Arts.     ]Mr.  Thompson  says  of  his   method  that  it  is  "founded 
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upon  a  liri'iimstance  long  known  to  clieniists,  viz.  :  that  not  only 
lias  gold  no  aflinity  for  chlorine  at  a  red  heat,  but  that  it  actually 
j)arts  with  it  at  that  temperature,  although  previously  combined; 
that  is  to  say,  the  chloride  of  gold  is  reduced  to  the  metallic  state  by 
heat  alone  (and),  it  cannot,  therefore,  possess  any  affinity  for  chlo- 
rine when  red  hot ;  this,  however,  is  not  the  case  with  those  metals 
with  which  gold  is  usually  alloyed  ;  it  offers,  therefore,  at  once  an 
easy  and  certain  means  of  sei)aration.'' 

A  further  account  shows,  however,  that  they  did  not  confine  them- 
selves to  j)assing  chlorine  over  gold  at  a  red  heat,  but  also  used  a 
melting  heat;  in  one  case  the  tube  is  spoken  of  as  white  hot.  These 
exiHM-Imentcrs  state  that,  taking  care  to  observe  certain  precautions 
that  thcv  mention,  the  gold  was  refined  without  any  loss  being  per- 
ceptible on  a  scale  that  indicated  to  within  0.01  to  0.005  grains 
(0.0  to  0.3  milligrammes).  I  also  note  the  mention  of  "  a  little  chalk 
or  common  salt"  with  the  gold  although  no  reason  for  its  presence  is 
given  except  that  Mr.  Aiken  states  that  "the  presence  of  the  alkaline 
chlorides  seems  to  have  the  effect  of  preventing  the  volatilization  of 
the  chloride  of  silver"  formed  in  refining. 

I  come  next  to  a  statement  in  direct  opposition  to  that  of  the 
previous  writers: 

In  the  Chemical  News  of  March  12th,  1869,  appears  a  note  (anony- 
mous) on  "  The  Volatility  of  Gold  at  a  Cherry-Red  Heat  in  a  Cur- 
rent of  Chlorine  Gas."  The  writer  recommends  this  process  for  the 
assay  of  gold  quartz.  lie  says :  "  If  the  pulverized  quartz  is  placed 
in  an  earthenware  tube  of  fireclay,  and  the  same  is  heated  in  a  fur- 
nace till  the  interior  of  the  tube  is  a  bright  cherry-red,  then  if  under 
these  circumstances  a  current  of  chlorine  gas  be  passed  through  the 
retort,  the  gold  combined  in  the  rock  will  combine  at  the  high  tem- 
perature with  thfr  chlorine,  and  become  volatile  therewith,  whereas 
at  the  j)lace  where  the  heat  of  the  tube  or  retort  is  less  high  the 
chloride  of  gold  will  be  again  decomposed  and  gold  deposited." 

Finally  in  the  Comptes  rendus  of  November,  1869,  Debray  makes 
a  contribution  to  the  subject  by  stating  that  while  gold  chloride  is 
disassociated  at  200°  C.  by  heat  alone  that  it  is  volatile  at  300°  C. 
in  an  atmosphere  of  chlorine.  He  also  says  that  Boyle  was  the 
first  writer  who  had  stated  that  gold  chloride  was  volatile  to  some 
extent  without  dissociation. 

The  above  would  appear  to  be  the  present  conflicting  and  unsatis- 
factory state  of  knowledge  on  this  subject.  Let  us  next  see  what 
has  been  published  on  the  losses  of  gold  in  chloridizing  roasting. 
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The  Losses  of  Gold  in  Chloridizing-Roasting. 

Plattner  does  not  seem  to  have  been  aware  of  the  volatility  of 
gold  in  cliloridizing-roasting ;  for  nowhere  in  his  Metallurgische 
Ilbdprozesse  does  he  make  any  reference  to  the  fact,  prob- 
ably because  in  his  time  gold  ores  were  subjected  to  an  oxidizing 
roasting  only,  in  preparing  them  for  the  Plattner  chlorination 
process.  In  speaking  of  the  eifect  of  a  chloridizing-roasting  on  the 
different  metals  he  says  on  p.  271,  after  speaking  of  the  volatiliza- 
tion of  silver  chloride  wdien  it  comes  in  contact  with  other  easily 
volatilized  chlorides,  "so  that  in  chloridizing-roasting,  under  certain 
circumstances  a  not  inconsiderable  loss  of  silver  may  take  place." 

"  Gold  (in  the  native  state,  as  well  as  when  combined  with  other 
metals)  is  only  when  in  a  fine  state  of  subdivision  and  in  a  slightly 
warmed  state  converted  into  the  chloride,  AuClg,  which  as  already 
stated,  gives  up  2  atoms  of  CI  while  still  below  a  red  heat  and 
changes  into  AuCl,  and  this  is  by  further  heating  transformed  into 
metallic  gold."  He  then  goes  on  to  state  the  necessity  of  passing 
chlorine  gas  through  the  previously  roasted  ore  in  order  tochloridize 
the  gold.  But  though  he  treats  at  length  of  the  volatile  products 
of  chloridizing-roasting,  he  fails  to  make  any  mention  of  the  losses 
of  gold  in  this  connection. 

The  only  mention  of  the  subject  I  have  been  able  to  find  in 
Kiistel  is  on  p.  57,  where,  in  speaking  of  the  tellurides  of  gold,  he 
says  :  "If  salt  is  present  during  the  roasting,  the  chloride  of  tellu- 
rium volatilizes  voluminously,  and  it  is  possible  that  under  this 
condition  the  tellurium  causes  the  gold  to  volatilize  likewise.  The 
author,  by  his  own  experience — having  4  per  cent,  of  salt  in  the 
ore  on  account  of  the  silver — found  the  loss  of  gold  amounting  to  8 
per  cent,  before  the  ore  was  properly  red  hot.     This  was  two  hours 

after  charg-ino; Whether  the  above  loss  would  have  occurred 

in  such  proportion  if  no  salt  had  been  added,  cannot  be  stated." 

Aj)parently,  the  first  writer  who  published  anything  definite  on 
the  losses  of  gold  in  roasting  with  salt  was  Mr.  C.  H.  Aaron.  In 
his  Leaching  Gold  and  Silver  Ores  (1881),  he  says,  p.  121,  that 
he  was  first  painfully  made  aware  of  the  fact  of  this  loss  by  hav- 
ing to  make  good  a  deficiency  of  some  $3000  below  the  yield  he 
had  guaranteed.  The  ore  was  simple  pyrite  with  no  visible  pecu- 
liarity. It  was  roasted  in  a  three-hearth  reverberatory,  with  1  to  2 
per  cent,  of  salt  added  on  account  of  the  silver.  He  states  that  he 
was  first  led  to  suspect  the  cause  of  the  loss  from  the  examination 
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of  a  vol  low  sublimate  that  funned  on  the  masonry  of  the  furnace 
over  the  working  doors,  when  the  draft  was  reduced.  This  sublimate 
he  "f(Miud  to  be  very  rich  in  gold,  although  there  was  none  to  be 
seen  in  it  by  the  most  careful  washing.  It  also  contained  iron  per- 
chloride,  and  copper  chloride,  with  lead  and  other  substances." 

He  then  instituted  tests  on  the  small  scale  with  two  similar  sam- 
ples, one  with  4  per  cent,  of  salt,  the  other  without,  the  "roasting 
being  pushed  purposely  to  an  extreme  as  to  heat  and  time,  and  when 
the  two  tests  were  assayed  under  exactly  similar  conditions,  that 
which  was  salted  was  found  to  contain  less  than  half  as  much  gold 
as  the  unsahed  one." 

lie  further  adds:  "T  then  took  some  light  fluffy  sublimate  from 
the  flue  of  a  roasting  furnace,  an  assay  of  which  gave  me  a  value  of 
some  $600  per  ton,  chiefly  gold.  Tlie  quantity  of  this  material  was, 
however,  very  small,  and  the  bulk  of  the  matter  in  the  dust  cham- 
ber was  not  richer  than  average  bulk  of  the  ore  treated,  a  circum- 
stance which  indicates  that  the  gold  loas  actually  to  a  gi'eat  extent  vota- 
tilized  in  some  not  easily  condensible  form."     The  italics  are  mine. 

Mr.  Aaron  further  adds  :  "  I  also  found  that  the  ore  sustained  a 
loss  of  weight  in  roasting,  equal  to  about  18  per  cent.,  consequently 
the  roasted  ore  ought  to  have  been  more  than  18  per  cent,  richer 
than  before  roasting,  which  was  not  the  case.  If  this  is  not  consid- 
ered sufficient  proof  that  the  gold  may  be  volatilized  in  the  roasting 
of  some  ores  with  salt,  the  deficiency  is  supplied  by  the  fact  that,  as 
soon  as  I  made  the  necessary  change  by  reserving  the  salt  until  the 
nearly  dead  roasting  of  the  ore  was  finished,  not  only  did  the  roasted 
ore  assay  20  per  cent,  richer  than  the  raw,  but  the  yield  overran  my 
guarantee,   while  the  tailings  nevertheless    contained    considerably 

more  gold  than  before I  afterwards  found  that  a  very  small 

quantity  of  salt,  not  more  than  three  pounds  to  the  ton,  might  be 
mixed  with  tlie  crude  ore  without  detriment  to  the  gold,  and  with 
decided  advantage  to  the  extraction  of  the  silv^er." 

Mr.  C.  A.  Stetefeldt  gives  {Trans.,  xiv.,  339)  the  very  interesting 
results  of  his  investigations  on  the  chloridizing  roasting  of  the  gold 
ore  from  Las  Minas,  in  the  State  of  Vera  Cruz,  Mexico.  The  ore 
he  treated  consisted  mainly  of  43  to  67  per  cent,  of  magnetite,  3  to 
22  per  cent,  of  pyrite  and  3.5  to  7  per  cent,  of  chalcopyrite,  the  re- 
maining minerals  being  quartz  and  garnet.  The  ore  contained  less 
than  one  ounce  per  ton  of  gold  and  traces  only  of  silver.  He  found 
that  the  losses  in  a  chloridizing  roasting  were  from  42.8  to  93  per 
cent,  of  the  total   gold  content.     He   further  states  "  there  is  no 
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doubt  that  the  volatilization  of  the  gold  takes  place  with  that  of  the 
copper  chlorides.  The  loss  increased  with  the  quantity  of  these 
chlorides  formed  and  volatilized."  He  further  states,  however, 
"  That  the  copper  chloride  is  by  no  means  an  essential  element  in 
producing  this  loss  is  shown  in  the  following  experiments,  made  by 
Mr.  C.  Butters  with  a  gold  ore  entirely  free  from  copper."  This 
ore  was  a  hard  white  quartz  intimately  mixed  with  about  7  per  cent, 
of  calcite  and  a  little  pyrite.  It  contained  5.55  oz.  silver  and  0.65 
oz.  of  gold  per  ton.  On  subjecting  this  ore  to  an  oxidizing  roasting 
a  loss  of  2  to  9  per  cent,  of  silver  took  place  but  no  loss  of  gold. 
But  when  the  same  ore  was  subjected  for  one  hour  to  a  chloridizing 
roasting  in  the  muffle  at  a  cherry-red  heat  with  5  per  cent,  of  salt,  a 
loss  resulted  of  70  to  80  per  cent,  of  the  silver  and  68  to  85  per  cent, 
of  the  gold.  On  increasing  the  salt  to  10  per  cent,  no  increase  of  the 
losses  took  place. 

I  ought  also  to  call  attention  to  the  claim  of  Mr.  Stetefeldt  that 
the  loss  of  gold  is  less  in  the  instantaneous  roasting  of  the  Stetefeldt 
furnace  than  in  the  more  prolonged  treatment  in  the  reverl)eratory 
furnace.  This  claim  does  not  appear  to  be  unreasonable;  and  the 
indirect  proof  that  he  cites  from  the  work  of  his  furnace  at  the 
Lexington  Mill  on  an  auriferous  silver  ore  tends  to  bear  out  that 
claim  (see  his  paper,  1.  c,  p.  343).  This  claim,  if  it  could  be  estab- 
lished beyond  doubt,  would  be  of  such  great  importance  in  the 
treatment  of  a  large  class  of  auriferous  silver  ores  that  must  be 
roasted  with  salt  on  account  of  their  silver  content  that  I  hope  that 
he  will  find  it  possible  to  make  sufficient  direct  tests  on  the  large 
scale  with  the  Stetefeldt  furnace  to  settle  the  question. 

In  1882,  while  engaged  in  the  study  of  this  subject,  I  sent  Mr. 
Charles  E.  Hayes,  then  one  of  ray  students,  to  investigate  what  was 
at  that  time  considered  one  of  the  best  chlorination-works  in  Cali- 
fornia. I  secured  permission  from  the  proprietors  for  him  to  make 
a  thorough  study  of  the  work  that  they  were  actually  doing,  and 
they  gave  him  every  opportunity  to  make  the  study.  They  have 
also  kindly  allowed  me  make  public  the  results,  omitting  mention 
of  their  names. 

The  furnace  used  was  a  double-hearth  reverberatory,  one  hearth 
being  placed  above  the  other.  The  hearths  were  18  feet  by  15  feet. 
The  concentrated  sulphurets  were  first  dried  on  the  furnace-top  for 
36  hours.  From  here  a  charge  of  2500  lbs.  was  dropped  on  to  the 
upper  hearth.  Here  it  was  roasted  for  12  hours,  when  a  second 
similar  charge  was  put  in.     At  the  end  of  a  second  12  houi-s  the 
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fir.st  charge,  which  had  now  been  in  llie  furnace  24  hours,  was 
dropped  on  to  the  lower  or  finishing-hearth,  and  a  new  charge  put 
in  the  furnace  to  take  its  phioe.  After  remaining  on  tlie  finishing- 
hearth  al)out  8  hours,  till  the  sulphurous  fumes  had  ceased,  1  per 
cent,  of  salt  was  added,  and  4  hours  later  the  charge  was  drawu. 
This  made  a  total  time  in  the  furnace  of  36  hours. 

jNIr.  Hayes  found  it  impo.'^sible  to  keep  the  various  charges  in  the 
furnace  sufficiently  distinct  to  follow  any  one  of  them  through,  so, 
with  the  consent  of  the  pro]irietors,  a  single  charge  was  put  through 
the  furnace  by  their  workmen,  under  as  nearly  the  usual  conditions, 
as  to  temperature,  etc.,  as  po.ssible.  A  charge  of  2441  lbs.,  which 
had  been  dried  as  usual  on  the  furnace-top  for  3G  hours,  was  weighed 
out  and  carefully  sampled  by  Mr.  Hayes. 

The  notes  of  the  test  were  as  follows : 

^farch  26,  8  A.M.     Cliarge  of  2441  lbs.  put  on  upper  lieartli. 

March  26,  3  p.m.  (after  7  hours).  Cliarge  dropped  to  the  lower  hearth,  so  as  to 
cause  as  little  delay  in  tlie  use  of  the  upper  hearth  as  possible. 

March  27,  11  a.m.  (20  Iiours  later).     22  lbs.  of  salt  were  added. 

March  27,  5.30  p.m.  (6  hours,  30  minutes).  Charge  was  drawn.  Total  time,  33 
hours  30  minutes. 

The  roasted  ore  weighed  only  1873  lbs.,  having  lost  23.27  per 
cent,  of  its  weight  in  the  roasting.  The  roasted  ore  was  carefully 
sampled  by  Mr.  Hayes,  and  the  samples  were  assayed  as  follows : 

TABLE   II. 


Gold. 

Silver. 

Raw  ore  (average  of  5  scorification-assays)... 
Roasted  ore  (average  of  4  crucible-assavs)... 
Hence  ?ooff  tons  raw  ore  contained 

4.536  oz. 
2.980    " 
5.536    " 
2.791    " 

19.884  oz.  per  ton. 
18.5S3   "     "      " 
24.268  oz.  Troy  Net. 
17.403   "       "       " 

And  ^§J2  '■o°s  roasted  ore  contained 

Hence  the  actual  net  loss  in  roasting  was 

Or  in  per  cent,  of  original  ore-content 

2.745  oz. 
49.58%  Gold. 

6.865  oz.  Trov. 
28.28%  Sifver. 

This  enormous  loss  was  entirely  unexpected  by  the  proprietors, 
who  had  thought  it  unnecessary  to  carry  on  any  systematic  sampling 
and  assaying.  It  is  but  fair  to  add,  however,  that  the  mode  of 
roasting  in  this  test  was  not  quite  the  same  as  the  usual  one,  as  the 
charge  was  on  the  lower  hearth  26|  hours  instead  of  12  hours,  and 
the  salt  was  mixed  with  the  ore  6|  hours  instead  of  4  hours,  the 
usual  time.     Still  the  test  shows  in  the  most  unmistakable  manner 
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what  enormous  losses  may  take  place  in  roasting  such  ores  with  salt, 
unless  the  most  minute  details  of  the  treatment  are  carefully  looked 
to.  At  these  works  the  upper  hearth  was  usually  kept  at  a  red 
heat  a  good  part  of  the  time,  and  the  temperature  of  roasting  was 
undoubtedly  kept  generally  too  high. 

Mr.  Hayes  also  sampled  and  assayed  The  tailings  after  they  had 
been  leached  for  gold  and  silver  in  the  usual  way  with  the  following 
result : 

Silver. 
Ozs.  per  ton. 

14.233 


Gold. 
Ozs.  per  ton. 

Average  of  3  crucible  assays  of  tailings,     .     1.487 


He,  however,  neglected  to  determine  the  weight  of  the  tailings 
after  leachings.  If,  however,  we  allow  a  loss  of  10  per  cent,  in 
weight  due  to  soluble  salts,  which  is  certainly  fair  to  the  process,  we 
shall  have  as  the  net  content  of  the  tailings : 


Gold. 

Silver. 

Ozs.  per  ton. 

Ozs.  per  ton 

.     1.254 

12.005 

5olu  *^"^  tailings  contain  net,     . 

Or  in  percentage  of  original  content  there  were  lost  in  the  tailings 
22.65  per  cent,  of  the  gold  and  49.47  per  cent,  of  the  silver. 
Hence  the  final  results  of  the  test  were : 


TABLE  III. 


Gold. 

Silver. 

Loss  by  volatilization  and  dusting 

2.745  oz. 
1.254  " 
1.537" 

or   49.58% 
"    22  65% 

"    27.77% 

or  100% 

6.865  oz. 
12.005  " 
5.398  " 

or    28.28% 
"     49.47% 
"     22.25% 

Actual  yield  by  mode  of  treatnaent 

Original  content  raw  sulphurets 

5.536  oz. 

24.268  oz. 

or  100% 

A  curious  fact  is  that  in  spite  of  the  long  chloridizing  roasting, 
perhaps  in  consequence  of  it,*  less  than  23  per  cent,  of  the  silver 
was  extracted  by  the  hyposulphite  solution,  and  nearly  50  per  cent. 
was  left  in  the  tailings.  The  excessive  losses  were  in  part  due,  no 
doubt,  to  the  fact  that  this  furnace  had  only  recently  been  erected 
at  the  time  of  this  test,  and  the  workmen  had  hardly  got  used  to  it. 
For  in  1880,  Mr.  H.  W.  Carroll,  another  of  my  students,  obtained 
the  following  results  from  sampling  the  ore  from  the  same  mine  and 
the  final  tailings.  The  ore  had  been  roasted  in  an  old-fashioned, 
long,  two-step  reverberatory  furnace : 

*  As  clainaed  in  Mr.  Stetefeldt's  paper,  l.  c,  p.  344. 
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Gold.  Silver. 

Ozs.  per  ton.  Ozs.  per  ton. 

Kaw  .stilphiirets 3.27  10.80 

Final  tailings, 0.11  8.5G 

In  order  to  determine  the  relative  importance  of  the  various  fac- 
tors, amount  of  salt,  teiypcrature,  and  time  of  roasting,  a  large 
nnniher  of  experiments  with  muffle  roasts  were  undertaken  at  the 
laboratory  of  the  Mining  Department  of  the  University,  both  by 
myself  and  by  my  students  under  my  direction.*  These  roasts 
were  mainly  with  the  Murehie  pyrite  already  described.  Nearly 
200  separate  experiments  have  thus  been  made,  from  which  I  select 
a  few  of  the  most  reliable  and  characteristic  for  illustration. 

Table  IV  shows  the  combined  effect  of  these  three  causes.  In  all 
these  experiments  an  assay  ton  of  ore  was  taken,  and  after  the 
roasting  was  finished  the  whole  roast  was  assayed  to  avoid  possible 
errors  due  to  sampling  the  roast,  loss  of  weight,  etc.  An  examina- 
tion of  the  table  will  show  that  within  the  limit  of  the  salt  used  (4 
per  cent.)  the  loss  both  of  gold  and  silver  increases  with  the  amount 
of  salt  used,  other  things  being  the  same.  Second,  it  is  apparent 
that  the  effect  of  time  is  to  increase  the  lo-ss,  but  the  effect  of  an  in- 
crease of  temperature  on  the  gold  loss  is  greater  than  the  effect  of 
an  increase  of  time.  This  is  shown  by  Nos.  2  and  3.  Here  No.  2 
was  treated  at  a  dull-red  for  5J  hours,  but  was  finished  at  a  light- 
yellow  for  half  an  hour;  the  loss  of  gold  was  6.46  per  cent.  Now 
No.  3  was  heated  for  9|  hours  at  a  dull-red,  and  finished  for  half 
an  hour  at  a  cherry-red,  making  a  total  time  of  10  hours  as  against 
a  total  of  6  hours  in  the  preceding  case,  yet  the  loss  of  gold  is  ex- 
actly the  same.  Third,  the  loss  both  of  gold  and  silver  is  greater 
in  all  cases  where  the  salt  is  added  after  a  long  oxidizing  roast  than 
where  the  salt  is  added  at  the  start.  This  is  the  general  result  of 
all  the  muffle  roasts  that  have  been  made.  It  is  invariable  in  the 
case  of  gold,  and  nearly  always  the  case  with  silver.  The  reverse 
is  the  case  with  gold  on  the  large  scale  where  a  continuous  roasting 
takes  place  in  the  reverberatory  furnace,  as  has  been  shown  by  Mr. 
Aaron.  I  was  at  first  led  to  doubt  the  accuracy  of  the  roasting  and 
assaying,  but  the  fact  is  undoubted.  I  shall  later  give  the  explana- 
tion of  this  remarkable  difference  between  batch  roasts  and  the  con- 
tinuous methods. 

*  Among  the  studeni-s  who  have  aided  in  this  inve.stigation  at  various  times  I 
wish  particularly  to  mention  Messrs.  Lindley,  Kussell,  Carrol,  Hayes,  Sutton,  and 
Booth. 
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TABLE  IV. 

Chloridizing  Muffle-Roasts  with  Muechie  Pyrite. 

Shoivinf)  Losses  Due  to  Different  Amounts  of  Suit,   Temperatures,  and  Times  of 
Roasting.     1  Assay  Ton  (29.166  grms.)  Roasts. 


Conditions  of  Roasting. 

p^erT^on.    Percentage  loss. 

Original  Assay- Value  of  Kaw  Sulpliurets. 

Gold 

Silver 

Gold 

Silver 

4.49 

28.39 



No. 

1 
2 

3 

4 
5 

6 

Salt 

2 
2 

2 

2 
4 

4 

Temperature. 

Total  T. 

At  start,  7}4  hrs.  dull  red,  }4  hr.  cherry  red... 
After  2  hrs.  dull  red,  then  3^^  hrs.  dull  red, 

8      hrs 

6       " 

10      " 
10      " 

71/2  " 

4.43 

4.20 

4.20 
4.06 

4.17 
2.82 

27.17 

24.21 

25.95 
25.57 

22.70 
17.68 

1.34 

6.46 

6.46 
9.80 

7.13 
34.97 

4.30 

14.72 

8.59 
9.93 

20.04 
37.72 

At  start,  9>^  hrs.  dull  red,  then  ^  hr.  cherry 

After  'J%  hrs.  dull  red,  then  K>  hr.  cherry  red 
At  start,  7  hrs.  dull  red,  theu  >^  hr.  light  yel- 

After  7  hrs.  dull  red,  then  14  hr.  light  yellow 

In  order  to  study  better  the  effect  of  time  alone  on  the  roasting 
the  experiments  recorded  in  Table  V.  were  projected.  The  amount 
of  ore  taken  was  as  before,  1  assay  ton.  Six  such  roasts  were  weighed 
out,  and  the  set  on  the  left  was  mixed  with  5  per  cent,  of  salt.  This 
salt  had  been  previously  fused,  theu  pulverized,  and  was  kept  in  a 
stoppered  bottle  to  avoid  losses  from  the  decrepitation  of  the  salt. 
Six  otiier  similar  roasts  were  also  weighed  out  without  salt.  The 
two  sets  were  then  charged  in  a  pair  of  muffle-furnaces  situated  side 
by  side,  so  that  their  temperatures  could  be  instantly  compared. 
For  the  first  hour,  to  avoid  decrepitation,  covers  were  used.  The 
room  was  darkened,  and  the  ore  in  the  muffles  was  kept  as  con- 
stantly as  possible  at  a  dull-red  heat,  every  precaution  being  taken 
to  keep  the  temperature  and  the  draft  in  each  furnace  exactly  the 
same,  a  large  number  of  experiments  being  necessary  before  all 
these  conditions  were  reached.  At  intervals  of  one  hour  a  roast  was 
taken  from  each  muffle.  At  the  end  of  4  hours  the  two  remaining 
roasts  were  removed  from  each  muffle,  the  left-hand  set  were  re- 
moved from  the  dishes  when  cold,  pulverized,  and  returned  to  their 
dishes.  The  right-hand  set  received  the  same  treatment,  but  at  the 
same  time  5  per  cent,  of  salt  was  intimately  mixed  with  the  ore. 
Both  pairs  were  then  returned  to  their  respective  muffles,  and  after 
another  hour  Nos.  5  from  each  muffle  were  removed ;  and  after 
another  hour  the  last  one  of  each  set  (No.  6)  was  removed.     The 
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whole  of  each  roast,  to(:»;ether  with  its  roasting-dish,  was  then  assayed 
by  the  crucible  method.  Tiiis  last  precaution  was  found  necessary, 
because  it  was  found  that  when  salt  was  used  witii  the  ores  a  certain 
amount  both  of  gold  and  silver  was  absorbed  by  the  roasting-dish. 
In  order  then  to  have  them  all  subjected  to  the  same  treatment  the 
roastiug-dishes  were  all  assayed  with  their  respective  ores.  The 
buttons,  with  a  little  adherent  matte  in  the  case  of  the  first  numbers 
of  each  set,  were  scorified  before  cupellation. 

Table  V.  shows  the  original  content  of  the  raw  sulphurets  by 
sc(n"ification  assay  and  the  value  of  the  roasts  after  each  succeeding 
hour  of  treatment.  It  also  shows  the  percentage  loss  at  the  end  of 
each  hour  both  for  gold  and  for  silver,  and  the  i)ercentage  loss  during 
each  hour. 

TABLE  V. 

Chlokidizixg   Muffle-Roasts  to  Show  Effect  op  Time.    Temperature 

Constant.     A  Dull-Red  Heat. 

Content  of  Raw  Ore :  Gold,  4.49  oz. ;  Silver,  28.39  oz.  per  ion. 

5  per  cent  Salt  from  the  Start.         5  per  cent.  Salt  after  four  hours  Oxidizing  Roast. 


No. 

Oz.  per  ton 

Percentages  Lost.          1 

Oz.  per  ton. 

Percentages  lost. 

Gold. 

Silver.        | 

Gold. 

Silver. 

Hrs. 

Gold 

Silver 

Tot'l 

Per  Hr. 

Total 

Per  Hr. 

Gold 

Silver 

Total 

Per  Hr. 

Total 

Per  Hr. 

^3 

IS 

^1 

^"1 

^1 

fee 

^6 

1 

4.42 

27.27 

1.11 

1.11 

3.95 

3.95 

4.49 

27.69 

0.00 

0.00 

2.47 

2.47 

2 

4.39 

26.95 

2.23 

1.12 

5.07 

1.12 

4.48 

27.44 

0.23 

0.23 

3.35 

0.88 

3 

4.29 

26.65 

4.46 

2.23 

6  13 

1.06 

4.46 

27.13 

0.67 

0.44 

4.44 

1.09 

4 

4.25 

•26.33; 

5.35 

0.89 

7.26 

1.13 

4.43 

26.87 

2.45 

1.78 

0.35 

0.91 

5 

4.17 

25.86 

7.13 

1.78 

8.91 

1.65 

4,08 

26  40 

9.13 

6.68 

7.01 

1.66 

6 

U3 

25.37 

8.02 

0.89 

10.64 

1.73 

3.95  26.25 

12.03 

2.90 

7.54 

0.53 

TABLE  VI. 

Chloridizing  Muffle-Roasts  to  Show  the  Effect  of  a  Cherry-ked 

Heat  after  4  Hours  Dull-red. 

Content  of  Raw  Ore  the  Same  as  before  in  Silver  and  Gold. 

6  per  cent.  Salt  from  the  Start.        5  per  cent.  Salt  after  four  hours  Oxidizing  Roast. 


No. 
Hrs. 


Oz.  per  ton. 


Gold  Silver 


4.10 
4.08 


24.92 
24.76 


Percentages  lost. 


Gold. 
Tot'l  Per  Hr. 


8.69 
9.13 


3.34 
0.44 


Silver. 
Total  PerHr. 


12.22 
12.79 


4.96 
0.57 


Oz.  per  ton. 


Gold   Silver 


3.64 
3.55 


23.61 
23.53 


Percentages  lost. 


Gold. 
Total  Per  Hr. 


<^8 

18.93 
20.94 


1^8 

16.48 
2.01 


Silver. 
Total  Per  Hr, 


"1 

1^8 


16.84 
17.12 


11.49 
0.28 
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I.  The  Gold-Loss. — (1.)  Five  Per  Cent.  Salt  from  the  Start. — The 
loss  of  gold  in  this  case  is  evidently  pretty  constant  for  the  first  two 
hours,  being  a  little  over  1  per  cent,  per  hour.  During  the  second 
hour  it  has  doubled,  the  cause  being  evidently  the  fact,  apparent  in  the 
roasting,  that  the  chlorine  was  beginning  to  be  set  free  in  the  ore. 
For  the  next  three  hours  there  is  some  irregularity  in  the  loss  per 
hour,  but  it  is  on  an  average  1.18  per  cent.  The  average  loss  per 
hour  for  the  whole  time  is  l.;i3  per  cent.  The  final  loss  is  8.02  per 
cent.  Evidently  here  also  time  is  not  the  most  important  factor  at 
work ;  the  amount  of  chlorine  set  free  is  the  more  important  cause 
of  irregularity  here. 

(2.)  Five  Per  Cent.  Salt  After  Four  Hours'  Oxidizing  Boast. — The 
losses  of  gold  for  the  first  four  hours'  roasting  should  here  have  been 
zero,  according  to  the  roasting-tests  previously  cited.  As  a  matter 
of  fact,  in  all  tests  here  cited,  a  small  loss  of  gold  actually  took  place 
before  the  salt  was  added.  It  was  not  due,  probably,  so  much  to 
dustins:  here,  as  to  the  fact  that  the  draft  of  the  furnaces  had  to  be  so 
shut  off  to  keep  the  temperature  down,  tiiat  the  chlorine  fumes  from 
the  salted  roasts  were  drawn  into  the  room,  and  may  have  afterwards 
been  drawn  into  the  muffle  with  the  unsalted  roasts.  In  order  to 
avoid  dust  loss  the  roasts  were  not  stirred  at  all. 

The  effect  of  the  salt  addition  is,  however,  manifested  by  an  im- 
mediate jump  from  a  percentage  loss  of  gold  from  1.78  per  cent,  to 
9.13  per  cent.,  or  an  increase  during  the  fifth  hour  of  roasting  with 
salt  of  6.68  per  cent.  This  enormous  increase  again  shows  the  effect 
of  a  large  chlorine  generation,  for  the  evolution  of  the  chlorine  was 
here  quite  rapid,  much  more  so  than  during  any  hour  of  the  roast- 
ing of  the  previous  set.  It  again  shows  how  great  an  effect  the 
rapid  evolution  of  chlorine  has  on  the  gold  loss.  During  the  last 
hour  the  loss  of  gold,  while  still  greater  than  during  any  hour  of 
the  previous  set,  is  still  less  than  half  what  it  was  during  tiie  fifth 
hour.  The  explanation  again  suggests  itself  that  the  evolution  of 
chlorine,  during  this  hour,  was  less  rapid  than  when  the  salt  was 
first  added. 

Again,  it  will  be  noticed  that  the  final  loss  of  gold  with  the  set 
where  salt  was  added  at  the  start,  is  only  8.02  per  cent,  as  against 
the  loss  of  12.03  per  cent,  where  the  same  amount  of  salt  is  added 
at  the  end  of  a  four  hours'  oxidizing  roast,  and  is  in  contact  with 
the  ore  only  two  hours  in  all.  The  fact  is,  as  already  stated,  the 
uniform  general  result  of  all  the  muffle  tests  that  I  have  made.  The 
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explanation  is,  undoubtedly,  that  the  loss  of  gold  is  due  to  the 
amount  ot"  chlorine  which  conies  in  contact  with  the  <^old. 

Now,  when  the  salt  is  added  at  the  start,  the  chlorine  is  at  first 
used  up  as  fast  as  it  forms  by  the  suli)hur,  which  escapes  as  chloride 
of  sulphur.  This  fact  was  shown  by  the  covers  of  the  salted  roasts, 
a  certain  amount  of  this  substance  being  condensed  on  them.  Of 
course,  as  long  as  the  sulphur  is  present,  it  protects  the  gold  from 
attack,  and  naturally  the  loss  should  be  less.  But  when  no  salt  is 
added  till  a  long  oxidizing  roast  has  converted  the  sulphur  into  sul- 
phuric acid  and  acid  sulphates,  and  the  salt  is  then  added,  the  chlo- 
rine is  then  rapidly  generated,  and,  what  is  more,  it  all  has  a  chance 
to  act  on  the  gold,  which  is  now  no  longer  protected  from  its  action 
by  the  |)resence  of  sulphur,  etc. 

II.  The  Silver-Loss. — (1.)  Five  Per  Cent.  Salt  from  the  Start. — It 
is  evident  that  here  the  greatest  loss  is  at  the  first  hour,  being  nearly 
4  per  cent. ;  after  that  it  is  nearly  constant,  averaging  1.33  per  cent., 
but  increasing  a  little  towards  the  end. 

(2.)  Five  Per  Cent.  Salt  After  Four  Hours'  Oxidizing  Roast. — 
Here,  too,  the  maximum  loss  is  during  the  first  hour,  being  2.47  per 
cent. ;  after  that  it  is  also  nearly  constant,  averaging  1.00  per  cent. 

The  great  apparent  loss,  during  the  first  hour  of  roasting,  is  prob- 
ably partly  due  to  an  error  in  assaying,  as  the  crucible  results  are 
generally  low  on  ores  containing  so  much  sulphur  as  these  which  were 
roasted  only  one  hour,  ownng  to  the  unavoidable  formation  of  matte, 
which  dissolves  to  some  extent  in  the  slag.  It  is,  however,  plain  that 
the  silver  follows  a  somewhat  different  law  from  what  the  gold  does. 
Silver  is,  probably,  volatile,  both  in  the  shape  of  oxide  and  to  some 
extent  also  as  chloride.  It  is  plain  that,  in  both  these  roasts,  after 
the  first  hour,  the  silver  loss  is  nearly  proportional  to  the  time  of 
roasting.  The  fact  that  the  silver  loss  in  the  second  set  (salt  after 
four  hours)  was  less  than  that  with  salt  at  the  start,  seems  to  have 
been  accidentally  the  case  in  this  set;  it  was  more  often  the  other 
way. 

In  order  to  study  the  effect  of  increased  temperature  on  the  losses, 
the  set  of  experiments  shown  in  Table  VI.  was  undertaken.  This 
set  was  roasted  under  exactly  the  same  conditions  as  in  Table  V., 
except  that,  for  the  fifth  and  six  hours,  the  temperature  was  raised 
to  a  cherry-red  heat. 

The  losses  of  gold  and  silver  are,  in  all  cases,  increased  to  a  re- 
markable deffree. 
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I.  The  Gold-Loss. — (1.)  Five  Per  Cent  Salt  from  the  Start. — Dur- 
ing the  fifth  hour  the  loss  has  been  3.34  per  cent,  as  against  1.65  per 
cent,  what  it  was  during  the  same  hour  at  a  low  red  heat.  This 
doubling  of  the  loss  is  partly  due  to  increase  of  volatility  owing  to 
the  rise  of  temperature,  and  partly  to  the  setting  free  of  a  greater 
amount  of  chlorine;  for,  during  the  last  hour,  we  find  an  increase 
of  the  loss  amounting  only  to  0.44  per  cent.,  probably  due  to  the 
fact  that  the  salt  was  nearly  all  decomposed. 

(2.)  Five  Per  Cent.  Salt  After  Four  Hours'  Oxidizing  Roast. — Here 
the  increase  of  the  gold  loss  is  something  enormous,  being  16.48  per 
cent,  in  the  fifth  hour  as  against  6.68  per  cent,  what  it  had  been  for 
the  fifth  hour  at  a  dull  red  heat ;  the  loss  is  here  nearly  trebled. 
The  explanation  lies  evidently  not  only  in  the  increase  of  the  vola- 
tility of  the  gold  due  to  increase  of  temperature,  but  to  the  sudden 
generation  of  larger  amounts  of  chlorine.  The  sixth  hour  shows  the 
gold  loss  to  have  been  only  2.01  per  cent,  as  against  2.90  per  cent, 
what  it  was  for  the  sixth  hour  at  a  dull  red  heat.  The  reason  lies 
evidently  in  the  fact  that  the  salt  was  now  more  thoroughly  decom- 
posed, and  that  the  chlorine  supply  had  begun  to  fail. 

If  we  compare  the  final  losses  for  Table  VI.,  we  find  a  loss  of 
9.13  per  cent,  of  gold  where  the  5  per  cent,  of  salt  is  added  at  the 
start,  as  against  20.94  per  cent,  where  the  same  amount  of  salt  is 
added  after  four  hours'  oxidizing  roasting;  in  other  words,  the  loss 
is  increased  two  and  one-third  times. 

II.  The  Silver-Loss. — Evidently,  in  both  cases  it  is  enormously 
increased  during  the  fifth  hour,  and  diminished  in  the  sixth,  the 
evident  cause  of  the  latter  fact  being  a  failure  of  the  chlorine  supply. 

The  final  silver  losses  are  largely  increased,  particularly  where 
the  salt  is  added  after  a  long  oxidizing  roast. 

The  Volatility  op  Gold  in  an  Atmosphere  of  Chlorine. 

The  evident  connection  between  the  chlorine  supply  and  the  loss 
of  gold  naturally  suggests  that  chlorine  was  the  principal  cause  of 
the  loss.  The  conflicting  statements  of  various  authors  on  the  sub- 
ject also  led  to  an  investigation  of  the  matter. 

My  first  experiments  were  made  in  June,  1880.  The  chlorine 
used  in  these  experiments  was  generated  from  pyrolusite  and  crude 
HCl.  The  gas  was  passed  through  a  second  flask  filled  with  pyro- 
lusite to  absorb  the  HCl,  and  was  then  passed  in  a  moist  state 
through  a  glass  tube  in  which  the  gold  was  placed.  In  my  first 
experiment  I  used  a  30-milligramrae  fragment  of  fine  gold  in  a  very 
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porous  state,  oUtnincd  by  i)artin<;-  with  nitric  acid.  When  cldorine 
was  passed  into  the  tube  the  gold  became  discolored,  changing  to  a 
dark,  reddish-brown  color;  when  wanned  gradually  with  an  alcohol 
flame,  this  discoloration  passed  away,  the  gold  became  bright  again, 
and  at  the  same  time  a  reddish-yellow  sublimate,  fading  off  into 
})a]e  yellow,  began  to  form  about  an  inch  from  the  flame.  When  the 
flame  was  aj>plied  to  this  incrustation,  it  l)ecame  first  dark  brown, 
then  changed  into  spangles  of  metallic  gold,  which,  on  cooling, 
were  again  attacked  by  the  chlorine  as  before. 

The  tube  was  cut  in  two  between  the  gold  and  the  incrustation, 
and  when  the  latter  was  dissolved  in  a  few  drops  of  water,  a  copious 
preciiutate  of  metallic  gold  was  obtained  with  ferrous  sulphate. 

In  another  similar  experiment,  the  gold  weighed  before  treatment 
23.5  milligrammes,  and  after  one  hour  and  fifteen  minutes,  weighed 
only  17.75  milligrammes,  or  it  lost  5.75  milligrammes  or  24.47  per 
cent.of  its  weight  in  thistime(or  per  half  hour,  8.99  percent.).  In  both 
these  cases  the  gold  was  in  an  exceedingly  porous  state,  and  exposed 
considerable  surface  to  the  action  of  the  chlorine.  There  was  abundant 
proof  that  gold  was  volatilized  in  all  these  experiments.  In  one  case 
the  glass  was  heated  till  it  began  to  fuse  ;  the  glass  was,  in  this  case, 
colored  purple  immediately  below  and  around  the  gold  fragment. 

Another  interesting  fact  was  discovered  at  this  time  that  I  have 
never  seen  mentioned  before,  that  the  volatilized  gold  chloride  con- 
taiued  in  a  chlorine  stream,  when  passed  into  a  Bunsen-burner  flame, 
tinges  the  latter  a  peculiar  and  intense  green.  This  I  have  since 
found  a  peculiarly  delicate  and  characteristic  test  for  the  presence  of 
chloride  of  gold  in  a  chlorine  stream.  That  the  coloration  was  due 
to  gold  and  to  no  other  cause,  is  proved  by  the  fact  that  the  chlorine 
stream  never,  under  any  circumstances,  gave  this  coloration,  except 
when  it  had  passed  over  the  gold;  and  that  it  was  not  due  to  cop- 
per, apart  from  the  fact  that  fine  gold  was  used,  is  evidenced  by  the 
fact  that,  when  the  gold  was  replaced  by  a  fragment  of  pure  copper, 
the  volatilized  chloride  of  copper  tinged  the  flame  not  green,  but 
blue,  as  is  well  known  to  be  the  case  with  chloride  of  copper. 

Other  work  prevented  a  resumption  of  these  experiments  till 
April  of  1888.  I  then  repeated  these  tests,  and  obtained  others 
which  follow.  I  placed  a  clean  porcelain  dish  filled  with  w'ater 
over  the  Bunsen  flame  through  which  the  chlorine  stream,  charged 
with  chloride  of  gold,  was  passing,  and  obtained  an  incru-station  of 
a  purple  color.  This,  dissolved  in  aqua  regia,  reacted  for  gold.  I 
also  tested  the  gold  flame  with  a  single-prism  spectroscope,  and  ob- 
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tained  a  number  of  lines  in  the  yellow  and  green,  entirely  different 
from  those  obtained  with  copper  or  other  metals  under  similar  cir- 
cumstances. At  first  I  had  great  hopes  of  being  able  to  use  the 
spectroscope  in  furnace  work,  but  at  present  it  does  not  seem  prac- 
ticable, although  I  hope  to  resume  this  subject  at  a  future  time. 

I  found  the  most  delicate  test  for  the  presence  of  chloride  of  gold 
in  the  chlorine  stream,  is  to  make  the  test  in  a  darkened  room,  and  to 
turn  the  stream  against  the  Bunsen  flame,  so  that  it  strikes  against 
the  flame  about  an  inch  above  its  base,  and  then  to  view  the  flame 
at  right  angles  to  the  impinging  stream  against  a  black  background. 
The  colored  edge  of  the  flame  can  then  be  compared  with  its  un- 
colored  edge,  and  an  exceedingly  minute  trace  of  gold  can  thus  be 
detected,  an  amount  so  small,  indeed,  that,  with  the  spectroscope  that 
I  used,  no  lines  whatever  could  be  seen.  In  this  manner  I  succeeded 
in  detecting  the  coloration  when  only  0.17  milligrammes  of  gold  were 
volatilized  by  the  chlorine  stream  in  half  an  hour.  Unfortunately 
at  a  furnace  heat,  the  amount  of  light  set  free  entirely  masks  the 
coloration,  and  it  cannot,  therefore,  be  used  in  roasting. 

I  next  wished  to  ascertain  whether  or  not  the  gold  was  volatile 
in  an  atmosphere  of  chlorine  at  all  temperatures,  in  order  to  account 
for  the  conflicting  statements  that  I  have  already  quoted.  For  this 
purpose  I  finally  devised  the  following  method  of  procedure  :  For 
all  temperatures  below  the  boiling  point  of  quicksilver,  the  gold 
was  placed  in  a  U-tube  of  glass,  the  whole  being  heated  in  a  steam 
bath  for  100°  C,  and  in  an  air  bath  for  higher  temperatures.  The 
gold  used  in  all  cases,  was  in  the  shape  of  buttons  of  fine  gold. 
This  gold  was  prepared  with  the  greatest  care  by  first  parting  in 
the  usual  manner  with  nitric  acid,  then  dissolving  the  gold  in  aqua 
regia,  diluting  to  remove  traces  of  silver  chloride  and  evaporating 
to  dryness;  the  whole  was  then  taken  up  with  water  and  a  little 
acid,  and  finally  precipitated  with  oxalic  acid,  washed  out  with  ni- 
tric acid,  and  finally  melted  down  into  two  buttons,  whose  original 
weights  were  1.52990  and  1.84050  grammes,  respectively.  All  the 
temperatures  above  mentioned,  were  determined  with  an  ordinary 
mercurial  thermometer  immersed  in  the  bath.  I  found  the  actual 
temperature  of  the  chlorine  stream  was  a  few  degrees  below  that  of 
the  bath. 

For  all  temperatures  above  the  boiling-point  of  quicksilver  I 
found  it  most  convenient  to  place  a  clear  scorifier  of  white  fire-clay 
into  the  back  of  a  small  gas-furnace,  whose  temperature  could  be 
rapidly  and  accurately  adjusted,  or  maintained  for  a  long  time  con- 
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staiit.  Tlio  gold  button  was  tlicn  plaood  in  the  centre  of  the  scori- 
fier  and  the  chlorine  introduced  hy  means  of  a  long-steniraed 
tobacco  pipe  of  the  Englisii  j)attern.  The  bowl  of  the  pipe  was 
j)laccd  over  the  button  of  gold  and  the  chlorine  turned  on,  and  the 
whole  button  was  thus  surrounded  by  an  atmosphere  of  chlorine  at 
just  about  the  furnace-temperature.  In  all  cases,  before  the  button 
was  added,  the  pii)e  and  the  scorifier  were  allowed  to  become  thor- 
oughly heated,  and  the  chlorine  was  passed  for  some  time  to  volati- 
lize any  traces  of  iron  that  might  l)e  contained  in  the  clay.  The  clay 
after  treatment  always  came  out  as  white  as  snow  and  completely 
free  from  all  iron  discolorations.*  After  this  was  done  the  chlorine 
stream  was  turned  off  and  the  gold  added  to  the  scorifier.  As  soon 
as  it  had  assumed  the  furnace-heat  the  chlorine  was  turned  on  and  the 
time  taken.  The  temperature  was  maintained  constant,  as  was  also,  as 
far  as  possible,  the  strength  of  the  chlorine  stream.  After  half  an 
hour  the  chlorine  was  turned  off  and  the  scorifier  and  its  contents  re- 
moved, cooled  and  the  button  weighed.  The  balance  used  was  sensi- 
tive to  0.01  mg.  The  above  plan  of  procedure  was  found  to  work 
perfectly  for  all  the  high  ternperatures,  as  it  could  be  adapted  to  secure 
all  the  varying  conditions  necessary  in  such  tests.  The  button  came 
out  clean  and  free  from  all  adhering  impurities,  no  trouble  from  ad- 
hesion to  the  bottom  of  the  scorifier  being  found  even  when  the 
button  had  been  melted,  if  a  slight  shake  was  given  to  the  latter  a 
moment  after  it  had  solidified. 

The  chlorine  in  all  these  experiments  was  generated  from  pyro- 
lusite,  pure  strong  HCl  being  used  in  this  case.  The  gas  produced 
was  passed  through  a  wash-bottle  containing  a  concentrated  solution 
of  salt.  The  chlorine  so  produced  may  have  contained  some  traces 
of  ferric  chloride,  though  no  evidences  of  that  fact  showed  themselves. 
This  moist  chlorine  was  used  in  some  of  the  tests  while  in  others 
the  chlorine  was,  in  addition  to  the  above  treatment,  passed  through 
a  wash-bottle  so  arranged  that  the  gas  passed  through  about  an  inch 
and  a  half  of  strong  sulphuric  acid.  This  is  what  is  designated 
"Dry  Chlorine"  in  the  experiments,  though  of  course  the  gas  was 
not  entirely  free  from  moisture. 

With  all  the  temperatures  measured  with  the  quicksilver  thermo- 
meter a  difficulty  was  found  in  determining  the  exact  loss  of  weight 

*  This  fact  was  so  remarkable  tliat  a  possible  application  might  be  made  of  it  in 
decolorizing  fine  porcelain  at  a  furnace-heat.  The  ware  seemed,  however,  to  be 
rendered  somewhat  more  brittle  by  the  chlorine  treatment,  but  this  might  have  been 
due  to  the  lack  of  annealing  which  I  had  no  time  for. 
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which  the  button  suffered,  for  the  gold  came  out  after  treatment  with 
a  slight  brownish  film  of  chloride  upon  it.  This  prevented  an  ac- 
curate weight  of  the  button  being  taken  on  account  of  the  extreme 
hygroscopic  nature  of  the  film,  while  if  the  film  were  washed  off  the 
indicated  loss  would  have  been  greater  than  that  really  volatilized 
in  the  given  time.  As  the  composition  of  this  chloride  was  uncer- 
tain, and  probably  not  constant,  no  exact  allowance  could  be  made 
for  it.  The  fairest  method  of  approximation  appeared  to  be  to  weigh 
the  button  as  rapidly  as  possible,  then  wash  and  ignite  it,  and  when 
cold  weio:h  again  then  to  take  the  mean  of  these  results.  The  fol- 
lowing,  which  was  the  extreme  case  of  this  difficulty,  will  illustrate: 

"  Experiment  No.  IL"  Time  h  hour.  Temperature  2b0°  C.  Chlorine  stream  moderate. 
Original  weight  of  gold  before  experiment    1.42466  grms. 

Weight  after  with  chloride  film,  etc.      (a)     L41117     "      Loss  of  w't    0.01349grms. 
"     washing  and  ignition,       (b)    L41016     "        "      "     "      0.01450     " 

Difference  between  (a)  and  (b)  0.00101     "  MeanlosstakenO.01399     " 

The  latter  figure,  0.01399,  is  the  one  given  in  the  tabular  resume 
that  follows.  The  error  introduced  by  this  cause  is  evidently  a  very 
slight  one.  With  all  the  high  temperature  experiments  there  was 
no  difficulty  from  this  source,  for  the  gold  came  out  free  from  any 
film  whatever,  and  all  that  was  necessary  was  to  weigh  the  button, 
and  hence  in  these  results  there  is  no  uncertainty  from  this  cause. 

In  all  the  low-temperature  experiments  where  glass  tubes  could 
be  used  it  was  easy  to  get  most  indubitable  proofs  of  the  volatiliza- 
tion of  the  gold  other  than  those  obtained  by  loss  of  weight ;  the  flame 
test  already  referred  to  was  obtained  in  all  cases  except  at  100°  0., 
where  the  loss  was  only  0.01  mg.  in  half  an  hour ;  here  no  indica- 
tion could  be  obtained  with  the  flame.  In  all  cases  there  was 
a  sublimate  of  chloride  of  gold  in  the  cooler  portions  of  the  tube, 
showing  plainly  that  the  chlorine  deposits  a  part  of  the  chloride  of 
gold  when  a  stream  of  chlorine  saturated  with  it  at  a  certain  tem- 
perature is  cooled.  With  damp  chlorine  the  sublimate  was  in  the 
form  of  a  rich  ruby-colored  liquor  fading  to  a  pale  yellow,  but  with 
dry  chlorine  the  tube  was  filled  with  a  net  work  of  beautiful  ruby- 
colored  crystals  which  rapidly  deliquesced  in  the  air.* 

*  Some  of  these  crystals  were  examined  in  the  microscope.  Great  difficulty  was 
had  in  mounting  them,  without  decomposition  from  heat  on  the  one  hand  or  the  re- 
ducing action  of  the  mounting  substance  on  the  other.  The  method  which  was 
finally  selected  was  to  place  them  on  a  glass  slide  on  which  a  previously  prepared 
dried  ring  of  asphaltum  had  been  placed  ;  a  cover  was  then  placed  over  the  ring  and 
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In  some  of  the  liigh-temperaturc  experiments  additional  proof  of 
tlie  volatilization  of  the  gold  was  obtained  by  using  an  aspirator  tube 
of  liaril  glass,  one  end  of  which  was  introduced  into  the  niuiHc  near 
the  pipe  bowl ;  the  other  end  was  then  connected  with  a  filtor-pump 
and  the  fumes  thus  drawn  through  the  tube  a  deposit  was  found  at 
tiie  hot  end  of  the  tube  several  inches  long  of  a  reddish-brown  color. 
This,  dissolved  in  aqua  regia,  reacted  for  gold.  Also  in  the  case  of 
the  experiments  conducted  at  a  melting  heat,  a  deposit  of  a  similar 
color  formed  on  the  front  of  the  furnace  above  the  mouth  of  the 
muffle.  This  deposit  also  contained  gold,  as  also  iron  from  the  clay 
of  the  muffle  itself.  It  recalls  to  mind  the  deposit  mentioned  by 
Mr.  Aaron  in  the  passage  already  quoted,  where  he  was  thus  led  to 
discover  the  true  cause  of  the  losses  he  was  suffering  in  roasting. 
Besides,  there  was  always  present  when  any  amount  of  gold  was 
volatilized,  a  deposit  of  a  purplish  color  immediately  outside  of  the 
bowl  of  the  tobacco  pipe,  and  also  on  the  scorifier  immediately  out- 
side of  the  bowl.  In  one  case,  that  of  "  Expt.  12  a,"  the  scorifier  was 
placed  just  outside  the  mouth  of  the  muffle,  where  a  thermometer 
placed  beside  the  pipe-bowl  indicated  a  temperature  of  from  180° 
to  250°  C.  or  an  average  of  205°  C.  When  this  scorifier  was  with- 
drawn after  a  half  hour's  treatment  it  presented  a  remarkable  ap- 
pearance. On  the  hot  side,  toward  the  interior  of  the  muffle,  was 
a  beautiful  fan-shap'^d  deposit  of  minute  crystals  of  metallic  gold. 
These,  afterwards  examined  under  the  microscope,  proved  to  be  micro- 
scopic octahedrons  and  apparently  dodecahedrons.  On  either  side 
of  the  gold  button,  and  extei^ding  in  a  direction  parallel  to  the  front 
of  the  muffle  was  a  narrower  fan-shaped  stain  or  incrustation  of  a 
purple  color,  these  again  shaded  off  into  broader  fan-shaped  stains 
of  a  dark-blue  color,  while  between  these  two  and  on  the  coldest  side 
was  a  pale-yellowish  stain.  Evidently,  as  the  chloride  of  gold  escaped 
into  an  atmosphere  containing  less  chlorine,  it  had  been  decomposed 
by  the  different  amounts  of  heat  differently. 

With  this  explanation,  the  results  recorded  in  Table  YII.  will  be 
intelligible. 


the  whole  gently  lieiited  till  the  cover  adhered,  thus  making  an  air-tight  conii)art- 
ment.  Tiie  crystals  were  partly  melted  by  the  heat  in  mounting  but  reformed  in 
minute  microlytes  of  a  straw-yellow  color,  while  the  main  mass  of  crystals  retained 
its  ruby-red  color.  In  some  of  the  pale  yellow  crystals  minute  twin  crystals  and 
crystalline  aggregates  of  metallic  gold  were  visible  with  powers  magnifying  500 
diameters.    The  crystals  of  gold  chloride  were  monoclinic. 
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Tlio  first  colnnin  contains  tlio  tcMiijierature,  tlie  second  the  refer- 
ence number  wliicli  will  be  used  in  the  discussion  of  the  results 
■which  follows.  The  actual  order  in  which  the  experiments  were 
performed  is  given  in  the  last  column,  headed  "  Expt.  No.,"  which  I 
liave  retained  for  convenience  in  referring  to  my  detailed  notes,  but  I 
liave  here  preferred  to  group  the  results  according  to  the  tenij)eratures, 
to  bring  out  more  clearly  the  relation  existing  between  the  tempera- 
ture and  the  volatilization  loss.  The  third  column  gives  the  original 
weight  of  the  button  in  grammes  before  each  experiment,  and  the 
fourth  and  fifth  give  the  actual  loss  of  weight  in  grammes  and  the 
percentage  loss  suffered  by  the  button  in  half  an  hour.  The  sixth 
column  has  been  calculated  for  the  purpose  of  bringing  the  buttons 
to  a  standard  of  comparison.  For  this  purpose,  I  have  selected  an 
ideal  gold  button  weighing  one  gramme.  I  have  assumed,  as  I  shall 
shortly  show  to  be  practically  the  case,  that  the  loss  is,  other  things 
equal,  ])roportional  to  the  surface  exposed  to  evaporation.  Now, 
the  surfaces  of  solids  of  the  same  composition  and  shape  is  propor- 
tional to  the  two-thirds  power  of  their  weights,  and  as  the  surface 
of  one  of  these  buttons  is  nearly  constant  during  the  short  time  of 
one  of  these  tests,  the  reduction  to  standard,  or  to  the  weight  that 
Avould  be  lost  in  the  same  time,  and  under  the  same  conditions, 
by  a  button  weighing  one  gramme,  is  easily  made  with  sufficient 
exactness  by  dividing  the  weight  actually  lost  by  the  button  by  the 
two-thirds  power  of  its  initial  weight  in  each  case.  The  percentage 
loss,  reduced  to  standard  as  given  in  column  six,  easily  follows  by 
simply  pointing  off.  The  standard  percentage  loss  is,  of  course, 
always  greater  than  that  of  the  actual  percentage  loss  of  the  experi- 
mental button,  when  the  latter  is  larger  than  one  gramme,  and  vice 
versa. 

The  column  headed  "Remarks"  gives  the  amount  of  chlorine 
used.  AVhen  no  remark  is  made,  a  moderate  current  of  four  to  six 
litres  per  hour  is  meant;  "weak"  means  less  than  that;  "strong" 
means  more.  The  generator  was  frequently  gauged  by  measuring 
the  stream  for  a  minute,  and  afterwards  judging  of  the  current  by 
the  number  and  size  of  the  bubbles  in  the  wash-flask. 

A  careful  study  of  the  facts  recorded  in  the  table  will,  I  think, 
establish  the  following  conclusions  : 

(1.)  Efect  of  Temperature. — At  100°  C,  the  volatility  of  gold  in 
an  atmosphere  of  chlorine  is  almost  zero  (No.  1).  That  the  loss 
begins,  above  this  temperature,  to  rapidly  increase  to  a  maximum  at 
a  temperature  of  about  250°  C.  (for  a  one-gramme  button,  No.  7 
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shows  the  loss  to  become  over  1  per  cent,  in  half  an  hour.).  That 
it  rapidly  diminishes  to  a  minimum  at  a  temperature  somewhere 
below  a  red  heat  (No.  10  shows  a  standard  loss  of  0.02  per  cent.). 
That  it  again  increases,  but  more  slowly,  to  another  maximum  at  a 
temperature  above  a  melting  heat,  and  that  this  increase  is  apparently 
continuous  between  a  I'ed  heat  and  a  white  heat. 

The  ratio  of  losses  at  various  temperatures  is  also  a  very  instruc- 
tive study.  At  incipient  redness,  the  standard  loss  is  already  0.05 
per  cent,  (or  0.052  milligrammes  on  a  one-gramme  button)  in  half 
an  hour ;  at  a  low  red  it  is  double  that ;  at  a  cherry  red  it  is  five  to 
seven  times  as  great  as  at  incij^ient  redness;  at  incipient  yellow  it  is 
more  than  eight  times  what  it  is  at  incipient  redness;  while  at  a 
melting  heat  it  is  nearly  thirty  times  as  great. 

These  facts  explain  the  extremely  great  importance  of  a  proper 
regulation  of  the  temperature  in  the  chloridizing  roasting  of  all 
silver-ores  that  contain  gold,  and,  in  fact  show,  as  I  have  already 
insisted,  that  a  low  temperature  is  even  more  important  than  a  short 
time,  as  far  as  the  gold  loss  is  concerned.  The  rather  anomalous 
relation  of  gold  in  an  atmosphere  of  chlorine  at  various  tempera- 
tures, also  offers  a  probable  explanation  for  some  of  the  contradic- 
tory statements  that  have  found  their  way  into  the  literature  of  the 
subject. 

In  order  to  determine  the  effect  of  heat  alone  in  causing  a  vola- 
tilization of  gold  in  the  absence  of  chlorine,  Nos.  32  and  33  were 
among  the  first  experiments  undertaken.  They  were  both  conducted 
at  the  same  temperature,  above  a  melting  heat,  and  for  the  same 
time.  The  only  difference  in  the  treatment  in  the  two  cases  was 
that  No.  32  was  conducted  in  an  atmosphere  of  damp  chlorine,  while 
No.  33  was  conducted  in  the  open  muffle  in  an  atmosphere  of  air, 
no  chlorine  being  present.  The  actual  percentage  loss  was  3.74 
per  cent,  with  the  chlorine,  and  0.01  per  cent,  without.  Or,  reduced 
to  standard,  the  losses  were  4.32  per  cent,  with  chlorine,  and  0.014 
per  cent.  M'ithout.  In  other  words,  the  chlorine  at  this  temperature 
caused  the  volatilization  loss  to  become  308  times  what  it  was  in 
the  air.  At  temperatures  below  melting  the  losses  of  gold  in  the 
air  were  too  inconsiderable  to  show  themselves  in  half  an  hour. 

(2.)  The  Effect  of  Strength  of  Chlorine  Stream.— IS^os.  19  and  20 
were  undertaken  to  determine  this  point.  No.  19  was  carried  on 
with  a  very  weak  current  of  chlorine.  No  20,  with  a  stronger  one, 
was  carried  on  for  the  same  time  at  the  same  temperature,  a  cherry- 
red  heat;  the  loss  in  the  first  case  was  about  half  that  in  the  second. 
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No.  24  was  carried  on  at  a  temperature  just  below  a  straw-yellow 
M'itli  a  very  weak  current  of  chlorine,  and  No.  25  for  tlie  same  time 
and  at  the  same  temjierature  with  a  current  perhaps  four  or  five  times 
as  great.  The  loss  in  the  latter  case  was  nearly  five  times  as  great 
as  in  the  former.  AVith  these  exceptions,  and  those  of  Nos.  1,  33, 
and  34,  the  chlorine  currents  were  kej)t  as  nearly  as  possible  of  av- 
erage intensity. 

Evidently,  the  amount  of  gold-loss  is  increased  by  an  increase  of 
the  chlorine  stream,  other  conditions  remaining  the  same.  Probably 
the  loss  will  be  found  to  vary  directly  as  the  volume  of  chlorine 
paased,  provided  pressure  and  temperature  are  constant,  and  sufficient 
time  is  allowed  for  the  chlorine  to  become  saturated  at  the  given 
temperature. 

Another  proof  of  the  loss  being  de[)endent  on  the  strength  of  the 
chlorine  stream  is  by  Nos.  17  and  18.  Here  the  two  buttons  were 
placed  side  by  side  in  the  same  furnace  and  in  the  same  atmosphere; 
the  losses,  reduced  to  standard,  proved  less  for  the  smaller  than  for 
the  larger  button.  The  reason  for  this  fact  was  that  there  was  a 
crack  on  the  side  of  the  muffle  near  the  larger  button,  and  conse- 
quently the  draft  was  stronger  there  and  more  chlorine  was  drawn 
out  on  that  side.  In  Nos.  21  and  22  the  positions  of  the  buttons 
were  reversed  with  reference  to  the  crack,  and  the  relative  losses  re- 
duced to  standard  are  also  reversed. 

(3.)  Efcct  of  Surface. — Theoretically,  the  losses,  other  conditions 
remaining  the  same,  should  be  proportional  to  the  surfaces  exposed 
to  evaporation.  Experiments  Nos.  17  and  18  and  also  21  and  22 
were  originally  undertaken  to  determine  whether  or  not  this  were 
true.  If  this  were  the  case,  the  percentage  losses,  reduced  to  stand- 
ard, should  have  been  the  same  when  temperature  and  strength  of 
current  were  the  same.  We  have  seen  that  when  thus  reduced  the 
josses  were  not  the  same,  but  the  strength  of  current  was  different, 
being  stronger  on  one  side  than  the  other;  but  the  jiosition  of  the 
large  and  small  buttons  being  reversed  in  the  two  pairs  of  experi- 
ments, the  eflfect  of  this  cause  should  be  eliminated  from  their  av- 
erage. The  losses  of  the  small  button,  in  the  two  experiments,  re- 
duced to  standard  and  averaged,  was  0.31  per  cent.,  and  those  of  the 
large  one  was  0.28  per  cent.  When  we  reflect  how  difficult  it  is  to 
avoid  slight  differences  in  temperature,  draft,  etc.,  and  also  that 
owing  to  slight  differences  in  size  the  shaj)e  of  the  buttons  is  not  quite 
the  same,  this  agreement  is  sufficiently  close  to  justify  us  in  assura- 
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ing  that  the  volatilization  loss  is,  other  things  equal,  proportional  to 
the  surface  exposed. 

Now  when  we  remember  the  extreme  minuteness  of  the  gold  in 
many  pyritic  ores,  it  is  easy  to  understand  the  extreme  rapidity  with 
which  the  gold  may  be  attacked  in  roasting  these  ores  with  salt. 
Thus  we  have  seen  that  (No.  14)  a  one-gramme  button  loses  0.0013 
grammes  in  weight  at  a  low  red  heat  in  half  an  hour.  Suppose  now 
that  this  same  p-ramme  of  fine  gold  were  subdivided  into  small 
spheres,  each  weighing  0.01  mg.  The  weight  of  the  one-gramme 
sphere  would  be  to  that  of  the  small  ones  as  100,000  to  1,  while  its 
surface  would  be  as  that  of  a  small  one,  as  100  to  1.  But,  as  it  would 
require  100,000  of  the  small  ones  to  make  the  weight  of  one  large 
one,  the  total  surface  exposed  to  evaporation  would  be  lOCO  times  as 
great  with  the  small  spheres  as  with  the  large  one.  Hence,  while 
the  single-gramme  sphere  was  losing  0.0013  grammes,  the  gramme 
in  the  finely-divided  state  would  lose  (if  the  rate  of  loss  remained 
unchanged)  1.3  grammes,  or,  in  other  words,  if  exposed  in  an  atmos- 
phere of  pure  chlorine,  under  the  circumstances  mentioned,  at  a  red 
heat,  the  finely  divided  gold  would  have  been  entirely  evaporated 
before  the  half-hour  was  up. 

In  actual  practice,  many  circumstances  would  reduce  this  extreme 
rate  of  loss.  The  surface  exposed  would  be  constantly  diminishing, 
and  hence  the  rate  of  evaporation  would  not  be  constant.  The  chlo- 
rine would  probably  finally  become  saturated  with  gold-chloride, 
and  would  take  up  no  more,  etc.,  and  in  roasting,  an  atmosphere  of 
pure  chlorine  is  probably  seldom  produced.  Still,  it  is  easy  to  see 
how  important  an  influence  a  finely-divided  condition  of  the  gold 
has  on  the  gold-loss.  It  is  easy  to  understand  how  Mr.  Stetefeldt 
could  obtain  a  volatilization  of  93  per  cent,  of  the  gold-content  of 
the  ore  he  treated,  simply  on  account  of  the  fine  state  of  subdivision 
in  which  it  existed  and  its  low  grade. 

The  above  assumption  as  to  the  size  of  the  gold  particles  in  aurif- 
erous pyrites  may  seem,  at  first  sight,  unreasonable;  but  when  we 
remeUiber  that  the  battery-screens  usually  retain  the  coarse  gold,  and 
the  plates  catch  most  of  the  rest,  it  is  not  so  unreasonable  as  at  first 
sight  may  appear.  As  a  matter  of  fact,  I  have  carefully  washed,  on 
a  batea,  samples  of  concentrated  sulphurets  from  many  California 
gold  mines,  and  have  often  been  unable  to  find  any  signs  of  free 
gold,  even  when  the  concentrates  were  examined  with  the  microscope. 
When  these  same  sulphurets  were  roasted,  however,  the  same  method 
of  treatment  would  usually  show  fine  particles  of  metallic  gold  when 
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the  concentrates  were  tluis  cxuinined.  The  roasted  samples  of  Mur- 
chie  ores  (roasted  without  salt)  thus  yielded  nunieroussmall  particles 
of  free  tj;old.  The  smallest  of  these,  which  was  nearly  round,  meas- 
ured 0.025  millimetres;  assuming;  it  to  be  spherical,  its  wei^^ht  would 
be  only  0.00016  mj;.  Tlu;  lar<:;cst  that  I  found  was  0.15G  mm.  long 
by  0.052  mm.  wide,  and  its  thickness  was  probably  much  the  same. 
Assuming  it  to  be  equivalent  to  a  sphere  with  a  diameter  of  0.1  mm., 
v,c  should  have  as  the  weight  of  this  particle  only  0.00995  milli- 
graiumcs,  or  an  amount  that  a  very  sensitive  assay-balance  would 
barely  indicate* 

Of  course,  the  above  remarks  are  not  intended  to  apply  to  all 
auriferous  sulphurets,  as  the  contrary  is  often  the  case  as  to  the  size 
and  distribution  of  the  gold  ;  but  it  will,  perhaps,  serve  to  explain 
why  some  ores  suffer  an  extraordinarily  greater  loss  than  others  of 
the  same  richness  and  apparent  composition,  when  roasted  in  the 
same  manner  and  with  the  same  amount  of  salt. 

The  Bearing  of  the  Miller  Process  on  the  Above 

Results. 

I  come  now  to  a  consideration  of  the  method  of  refining  alloys 
of  gold  without  appreciable  loss,  as  first  practiced  on  a  small  scale 
by  Thomj)son  and  Aiken,  in  1838,  and  since  successfully  introduced 
on  a  working  scale  at  the  Australian  mint  by  Mr.  Miller,  and  gen- 
erally known  as  the  Miller  process.  The  remarkable  success  of  this 
process  on  a  working  scale,  the  total  losses  from  all  causes  amount- 
ing only  to  0.011  to  0.019  per  cent,  of  the  weight  of  the  gold  treated, 
would  seem  to  invalidate  the  conclusions  that  I  have  drawn  from 
my  own  experiments.  But,  when  the  process  is  carefully  studied, 
it  serves  rather  to  confirm  than  to  contradict  them. 

First,  regarding  Mr.  Thompson's  work  :  No  statement  of  the 
weight  of  the  gold  experimented  upon,  its  surface,  or  the  time  of  expo- 
sure to  the  chlorine  is  given  in  the  abstract  published  by  Prof.  Percy  ; 
and  it  is  easily  possible  that  a  loss  due  to  the  volatilization  of  the  fine 

*  I  came  across  the  curious  fact  in  some  of  the  above  experiments,  that  when  two 
of  the  gohl-buttons  used  came  in  contact,  ever  so  lightly,  at  a  temperature  consid- 
erably below  a  red  heat,  they  were  welded  together  at  the  points  of  contact  so  firmly 
that  it  took  considerable  force  to  separate  them.  Tliis  recalls  to  mind  the  similar 
welding  tliat  takes  place  so  often  in  tlie  annealing-cup  wlien  parted  fragments  of 
gold  are  warmed  to  a  red  heat.  It  seems  not  unlikely  that  tiie  particles  of  gold  that  I 
measured  with  the  microscope  in  the  roasted  ore,  existed  in  the  raw  sulphurets  in  an 
even  more  (inely-divided  state,  and  were  thus  welded  together  and  agglomerated  in 
the  act  of  roasting.     The  shape  of  some  of  thorn  would  seem  to  indicate  that  fact. 
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gold  may  have  taken  place,  in  a  short  time  of  exposure,  and  with 
small  amounts  of  gold  which  his  balance  may  not  have  been  sensitive 
enough  to  indicate.  Besides,  Mr.  Thompson  had  evidently  made  up 
his  mind  the  loss  did  not  take  place,  and  no  doubt  did  not  i)ush  matters 
very  far  to  establish  a  point  he  already  regarded  as  settled.  Further, 
Mr.  Aiken  states  that  the  method  of  procedure  used  was  to  "put 
the  gold  alloy  into  a  small  porcelain  tray,  with  a  little  chalk  or 
common  salt."  This  was  then  carefully  introduced  into  the  hottest 
part  of  a  porcelain  tube,  stated  to  be  white-hot  in  some  cases,  and 
the  chlorine  passed  through.     He  goes  on  further  to  say  that: 

"  On  examining  the  contents  of  the  tray,  after  the  production  of 
the  vapor  had  ceased,  the  button  of  gold  was  found  imbedded  in  a 
melted  mass  of  sodium  chloride  (or  chloride  of  calcium  if  chalk 
had  been  put  in  the  tray)  mixed  with  chloride  of  sWver,  the  presence 
of  the  alhaline  chloride  seeming  to  have  the  property  of  preventing  the 
volatilization  of  chloride  of  silver." 

This  last  sentence  is  a  good  illustration  of  how  near  one  may 
come  to  a  discovery  and  miss  it.  If  Mr.  Aiken  had  said  instead, 
that  the  presence  of  the  alkaline  chloride,  together  with  that  of 
the  chloride  of  silver,  seems  to  have  the  property  of  preventing  the 
formation  and  volatilization  of  the  chloride  of  gold,  he  would  have 
given  a  true  explanation  of  the  facts.  We  shall  see  this  more  clearly 
when  we  come  to  examine  a  little  into  the  Miller  Process. 

This  process  is  very  clearly  and  critically  described  in  Prof. 
Percy's  Metallurgy  of  Silver  and  Gold,  Part  I.,  pp.  405-437.  In 
brief,  the  chlorine  is  passed  to  the  bottom  of  a  crucible  filled  with 
molten  gold  by  means  of  a  clay  pipe-stem.  The  gold  to  be  refined 
contains  several  per  cent,  (an  average  of  about  10  per  cent.)  of  silver 
together  with  small  quantities  of  base  metal.  The  gold  is  usually 
treated  in  lots  of  600  to  700  ozs.  at  2  time.  The  molten  gold  is 
always  covered  by  a  layer  of  molten  borax  glass,  which  Mr.  Miller 
regards  necessary  to  prevent  the  volatilization  of  the  chloride  of 
silver.  The  chlorine  is  rapidly  absorbed  by  the  base  metals  and  the 
silver,  which  latter  floats  above  the  molten  alloy  and  under  the 
borax  cover. 

The  process  is  further  described  in  detail  thus  (Percy,  p.  415): 
"When  the  chlorine  is  first  passed  into  the  alloy  dense  fumes  of  the 
base  metals  escape  from  the  lid  of  the  crucible,  which  consist  of  the 
volatile  chlorides  of  some  of  the  baser  metals,  and  not  of  chloride 
of  silver,  and  which  are  particularly  dense  when  much  lead  is  pres- 
ent in  the  gold.     When  a  cold  body  is  placed  in  these  lead  fumes  a 
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^vhito  tli'posit  is  formed  iijx)!!  it.  After  a  time,  which  varies  with 
the  proportion  of  base  metals  in  the  gold,  the  fumes  cease.  So  long 
as  any  sensible  quantity  of  silver  remains  in  the  molten  gold  the 
whole  of  the  chlorine  continues  to  be  absorbed,  and  the  quicker  the 
supply  the  shorter  the  operation.  When  tlie  operation  is  nearly  over 
fumes  of  a  darker  color  than  tliose  produced  at  the  beginning  make 
their  appearance,  and  tlie  end  of  the  refining  is  indicated  by  a  pecu- 
liar flame,  or  a  luminous  vapor,  of  a  brownish-yellow  color,  due  to 
the  escape  of  free  chlorine  at  this  period  [probably  colored  by  NaCl, 
FcjClg,  etc.], as  may  be  seen  by  removing  the  plug  from  one  of  the 
holes  in  the  crucible-lid.  l^ut  this  appearance  is  not  of  itself  a  suf- 
ficient indication  that  the  operation  is  finished, /o/-  it  is  not  completed 
until  litis  jkime  imparts  a  peculiar  reddish  or  brownish-ijelhio  stain  to 
a  piece  of  iobacGO-pipe  or  similar  substance  when  it  is  held  in  it  for  a 
moment,  and  so  long  as  any  other  color  is  thus  imparted  to  the  piece  of 
pipe  the  refining  is  unfinished^ 

The  italics  are  mine.  No  one  seems  to  have  determined  the  com- 
position of  this  peculiar  stain.  From  the  description  I  should 
strongly  suspect  that  it  contained  gold,  as  its  appearance  agrees  very 
well  with  those  I  obtained  in  my  own  experiments.  It  is  altogether 
probable  that  liad  the  treatment  been  pushed  beyond  this  point  the 
loss  of  gold  would  have  increased  very  rapidly. 

There  is  another  fact  in  connection  with  this  interesting  process 
that  bears  upon  this  question.  It  is  found  that  the  average  of 
the  Australian  gold,  when  refined  in  this  manner,  always  leaves 
as  much  as  2  per  cent,  of  the  gold  with  the  chloride  of  silver 
which  floats  above  the  molten  gold  under  the  borax  cover.  When 
this  chloride  of  silver  is  afterwards  reduced  by  metallic  zinc  to 
the  metallic  state,  and  then  dissolved  in  nitric  acid,  the  gold  re- 
mains behind  in  a  finely  divided  flaky  state,  and  not  as  rounded 
globules,  as  Mr.  Miller  reasonably  suggests  would  have  prob- 
ably been  the  case  if  th«  gold  had  been  mechanically  thrown  up 
into  the  fused  chloride  of  silver  by  the  passage  of  the  chlorine  cur- 
rent. Prof.  Thomas  Price,  who  tried  some  of  the  California  gold 
bullion  by  this  method  on  a  working  scale  at  his  laboratory  in  San 
Francisco,  informs  me  that  with  the  California  gold,  which  gener- 
ally contains  more  silver,  he  found  this  amount  of  gold  carried  by 
the  chloride  of  silver  to  amount  to  5  per  cent.,  and  even  10  per  cent, 
of  the  total  weight  of  the  gold.*     These  facts  tend  to  indicate  that  the 

*  For  this  reason  and  on  account  of  the  large  amount  of  silver  bullion  in  the  San 
Francisco  market  requiring  parting,  he  stutes  that  the  Miller  process,  while  techni- 
cally successful  with  California  gold,  is  hardly  able  to  compete  commercially  with 
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gold  exists  in  the  fused  mass  of  chloride  of  silver  as  a  double  chloride 
of  silver  and  gold.  The  latter  not  being  volatile,  partly  on  account 
of  its  combination  with  the  less  volatile  chloride  of  silver,  and  partly 
because  both  are  covered  with  a  layer  of  fused  borax-glass,  through 
"which  its  vapor  has  not  sufficient  tension  to  penetrate  in  any  great 
quantity. 

It  is  evident  that  the  conditions  for  volatilizing  the  gold  are  less 
favorable  in  the  Miller  process  than  in  the  experiments  that  I  con- 
ducted. For,  in  the  first  place,  the  presence  of  the  silver  and  the 
base  metals  must  act  to  protect  the  gold  as  long  as  they  are  present, 
for  the  affinity  of  chlorine  for  these  metals  is  greater  than  that  for 
gold.  Moreover,  the  gold  produced  by  this  process  is  never  abso- 
lutely fine.  Percy  states  that  the  refined  gold  averaged  993.5  fine, 
the  remaining  6.5  thousandths  being  silver.  It  would  be  interest- 
ing to  know  what  the  effect  of  pushing  the  refining  to  absolute  fine- 
ness would  have  on  the  gold-loss.  An  appreciable  loss  would  then 
probably  show  itself.  Next,  the  surface  of  the  gold  exposed  in  the 
Miller  process,  is  incomparably  less  in  proportion  to  the  mass  treated 
than  in  my  experiments.  For  in  a  crucible  holding  600  to  700  ozs. 
(19,000  to  22,000  grammes)  of  gold  the  chlorine  can  only  come  in 
contact  with  the  gold  by  bubbling  through  it,  and  it  does  this  only 
after  the  base  metals  and  the  silver  have  been  removed. 

In  order,  however,  to  make  a  more  definite  comparison,  let  us  see 
what  the  loss  would  be  if  it  were  possible  to  maintain  a  weight  of 
say  20,000  grammes  of  fine  gold  in  the  form  of  a  sphere  in  a  molten 
state  in  an  atmosphere  of  chlorine,  so  that  the  conditions  would  be 
similar  to  those  of  my  experiments.  Now  the  gold  sphere  of  20,000 
grammes  would  have  a  surface  736.8  times  as  great  as  a  1  gramme 
sphere,  or  that  of  a  button  of  1  gramme  of  similar  shape.  The 
average  of  all  my  experiments  above  a  melting  heat,  except  the  last 
(which  was  at  nearly  a  white  heat),  gives  for  a  button  of  1  gramme 
a  loss  of  3  per  cent.,  or  0.03  grammes  in  half  an  hour,  hence  the 
evaporation  from  a  button  of  20,000  grammes  would  be  736.8  times 
as  great,  or  22  grammes,  and  as  the  Miller  process  lasts  about  an 
hour  and  a  half,  with  gold  containing  10  per  cent,  of  silver  the  loss 
would  have  been  on  fine  gold  in  the  same  time  66  grammes,  or  0.33 
per  cent,  of  the  weight  of  the  gold  operated  upon.     Now,  when  we 

the  ordinary  silver  quartation  process.    He  suggests  that  it  miglit  be  well  adapted 
for  refining  the  nearly  pure  gold  produced  at  the  chlorination  works  where  chlorine 
is  at  hand  and  the  other  methods  of  refining  are  not  convenient. 
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consider  that  the  silver*  ami  the  base  metals,  so  long  as  they  are 
present,  must  protect  the  gold  ;  that  before  the  silver  is  all  gone  the 
process  is  stojiped  ;  that  the  surface  exposed  to  the  action  of  the  chlo- 
rine is  less  in  the  Miller  process;  that  no  chlorine  escapes  from  the  pot 
except  towards  the  end  of  the  process,  and  that  all  through  the  op- 
eration a  layer  of  molten  chloride  of  silver,  and  above  that  a  layer 
of  molten  borax,  covers  the  surface  of  the  gold,  it  is  not  difficult  to 
understand  why  the  total  loss  of  the  process  is  reported  to  be  only 
0.011  per  cent,  to  0.019  per  cent.,  including  sweepings,  etc.  On  the 
other  hand,  the  chlorine  acts  under  considerable  pressure  in  the 
Miller  process,  as  it  has  to  force  its  way  through  the  molten  gold. 
This  probably  accounts  for  the  large  amount  of  double  chloride  of 
silver  and  gold. 

Finally,  that  some  of  the  gold  as  well  as  silver  is  actually  vola- 
tilized in  the  Miller  process  in  spite  of  all  the  consideration  men- 
tioned is  evidenced  by  the  fact  that  the  dust  from  the  short  horizontal 
flue  was  found  to  assay  : 

Gold, 0.441  oz. 

Silver,  ...........     0.853  oz. 

I  have  considered  thus  at  length  the  principal  facts  of  the  Miller 
process,  because  they  at  first  sight  appear  to  contradict  the  results 
that  I  have  obtained.  I  think  I  have  shown  that  they  do  not. 
And  while  the  numerical  values  that  I  have  found  will  probably  be 
somewhat  modified  by  future  and  more  extensive  experiments  I  am 
convinced  that  the  general  conclusions  that  I  have  drawn  will  stand. 

The  Effect  of  Chlorine  on  Other  Metals  at  a  Cherry- 
Red  Heat. 

In  order  to  study  the  effect  of  chlorine  on  some  of  the  other 
metals  that  accompany  gold,  the  following  experiments  were  con- 
ducted at  a  cherry-red  heat  in  the  muffle  on  the  same  plan  as  those 
conducted  in  the  muffle  with  gold. 

Silver. — A  button  of  silver  weighing  0.60118  grammes  was  ex- 
posed in  a  scorifier  under  the  bowl  of  a  new  long-stemmed  pipe  to  an 
atmosphere  of  chlorine  for  half  an  hour  at  a  cherry-red  heat,  and, 
therefore,  below  the  melting-point  of  silver.  The  silver  button  be- 
came immediately  coated  with  a  film  of  chloride  of  silver  which  was 


*  2000  grammes  of  silver  being  present. 
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fused  and  of  a  dark-brown  color.  It  rapidly  increased  in  thickness, 
and  at  the  end  of  half  an  hour  the  silver  button  had  greatly  de- 
creased in  size,  but  was  still  contained  in  the  centre  of  the  button 
of  fused  chloride  of  silver.  On  removing  the  scorifier  from  the 
furnace  the  chloride  remained  fused  for  some  time,  and  it  was  easy 
to  obtain  the  button  of  silver  nearly  free  of  chloride  by  letting  it 
roll  out  of  the  chloride  which  remained  behind.  When  the  adhering 
chloride  was  dissolved  off  the  silver  button  weighed  0.270  grammes, 
or,  in  other  words,  53.4  per  cent,  of  the  silver  had  been  changed 
into  chloride  in  this  time.  Evidently,  if  the  button  had  been  smaller, 
the  conversion  would  have  been  complete  even  in  this  short  time. 
The  chloride  of  silver  when  cold  was  colorless  and  transparent,  as 
usual.  Very  possibly  the  chloride  of  silver  when  molten  has  the 
property  of  dissolving  chlorine;  at  any  rate  the  chlorine  must  have 
been  transmitted  through  a  layer  of  chloride  of  silver  an  eighth  of 
an  inch  thick.  Very  possibly  this  molten  state  of  the  chloride  is 
the  condition  necessary  for  the  thorough  chlorination  of  silver  in 
roasting  silver  ores,  and  the  absence  of  this  condition  the  reason 
why  silver  cannot  in  many  cases  be  so  readily  chloridized  in  the 
cold.  There  were  evident  signs  of  volatilization  of  the  silver,  for 
the  scorifier  was  coated  with  a  film  of  a  delicate  rose  or  pink  color. 
The  amount  of  this  loss  was  not  determined. 

Copper. — A  button  of  fine  copper,  weighing  0.39570  grammes, 
was  treated  exactly  as  above,  at  the  same  temperature,  etc.,  in  a 
moderate  stream  of  chlorine.  Copious  fumes  at  once  issued 
from  the  scorifier ;  these  were  of  a  brownish-red  color  as  they 
rose  against  the  cherry-red  background  of  the  muffle  walls,  but  they 
were  of  a  bluish-white  color  as  they  issued  from  the  mouth  of  the 
muffle  into  the  open  air.  They  deposited  on  a  cold  surface  of  fire- 
clay a  copious  film  of  a  pale  greenish-yellow  when  thin,  and  of  a 
deep,  rich  orange-brown  when  thick.  The  whole  film  instantly 
disappeared  when  a  drop  of  water  was  allowed  to  fall  upon  it. 

In  fifteen  minutes  the  copper  button  had  entirely  disappeared, 
and  in  its  place  was  only  a  small,  dark-colored  drop  of  molten  cop- 
per chloride.  This,  when  removed  from  the  furnace,  partly  evapo- 
rated in  bluish-white  fumes,  and  partly  remained  in  the  scorifier  as 
a  black  crystalline  film  which,  when  cold  and  wetted  with  water, 
turned  green. 

Iron. — I  next  took  an  ordinary  wrought-iron  tack,  which  weighed 
0.50674  grammes,  and  treated  it  in  the  same  manner  as  the  copper 
at  a  cherry-red  heat,  in  a  moderate  stream  of  chlorine.     The  iron 
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was  also  instantly  attacked,  a  dense  reddish-brown  vapor  issuing 
from  beneath  the  pipe-bowl  ;  this,  as  it  issued  from  the  muffle  into 
the  air,  still  retained  its  color,  and  where  it  dej)osited  itself  on  cold 
fireclay,  it  was  still  of  the  same  rich,  reddish-brown  color.  Imme- 
diately around  the  outside  of  the  pipe-bovvl  and  on  the  inside  of 
the  scorifier  was  a  i)luish-blaelv  deposit  of  minute  crystals  of  mag- 
netite gradually  shading  off  into  a  reddish  deposit  of  iron-oxide,  in 
which  no  crystalline  form  could  be  discovered  with  the  microscope. 
70.3  per  cent,  of  the  iron  was  volatilized  in  half  an  hour. 

Lead. — I  next  tried  lead  in  the  same  way,  and  found  a  dense 
cloud  of  whitish  vapor  of  chloride  of  lead  issue  from  the  furnace, 
which  was  still  white  when  deposited  on  cold  surfaces. 

The  action  of  chlorine  on  antimony,  arsenic,  sulphur,  etc.,  being 
already  too  well  known  to  require  further  experiment,  none  were 
made  on  these  substances. 

Mr.  Stetefeldt,  in  referring  to  the  losses  he  found  in  roasting,  in 
the  paper  already  cited,  seems  inclined  to  throw  the  responsibility 
of  the  volatilization  of  the  gold  on  the  presence  of  chloride  of  cop- 
per, although  he  states  also  that  the  presence  of  the  copper  does  not 
appear  to  be  essential.  Now  it  is,  of  course,  possible  that  the  vola- 
tilization of  the  gold  is  aided  by  the  presence  of  the  more  volatile 
chlorides  of  copper,  iron,  lead,  etc. ;  but,  in  either  case,  it  is  the 
chlorine  which  is  the  real  cause  behind  the  formation  of  all  these 
chlorides,  and  it  seems  to  me  that  the  presence  of  the  copper,  iron, 
lead,  antimony,  arsenic  and  sulphur,  on  account  of  the  greater  vola- 
tility of  their  chlorides,  and  of  their  greater  affinity  for  chlorine, 
should  rather  serve  to  protect  the  gold  from  the  attack  of  the  chlo- 
rine, and  thus  serve  to  reduce  its  volatility. 

At  the  same  time,  when  no  other  source  of  chlorine  is  present, 
and  these  salts  are  in  contact  with  the  gold,  it  is  not  improbable 
that  they  would  share  some  of  their  chlorine  with  the  gold,  and 
thus  cause  its  volatilization  also.  Further  experiments  are,  how- 
ever, necessary  to  clear  up  this  point. 

The  Condensation  of  Chloride  of  Gold  from  a 
Chlorine  Stream. 

I  have  already  quoted  the  statement  of  Mr.  Aaron,  that  the  bulk 
of  the  nuiterial  caught  in  his  dust-chambers  was  not  richer  than  the 
ore  treated.  On  inquiry,  I  find  this  to  be  generally  the  case  ;  those 
who  have  erected  dust-chambers,  with  a  hope  of  eflfecting  a  great 
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saving  in  this  respect,  have  been  usually  disappointed,  as  the  dust 
often  assays  even  less  than  the  ore,  and  is  seldom  much  richer. 

Many  metallurgists  regard  this  as  a  proof  that  no  gold  is  lost  in 
roasting.  This  conclusion  seems  hardly  warranted,  in  the  light 
of  the  experience  recorded  by  Mr.  Aaron,  and  of  the  fact  that  I  have 
frequently  found  the  flue-dust  from  furnaces,  where  I  know  a  very 
large  gold-loss  to  have  occurred  in  roasting,  to  assay  very  much  as 
the  ore  did.  The  true  conclusion  is,  as  was,  I  believe,  first  sug- 
gested by  Mr.  Aaron,  that  the  gold  is  volatilized  in  a  form  not  easily 
condensible. 

In  my  experiments  with  chloride  of  gold  in  the  chlorine  stream, 
I  have  already  pointed  out  that  a  considerable  amount  of  chloride 
of  gold  is  condensed  when  the  temperature  of  the  stream  is  reduced, 
but  I  have  never  been  able  to  condense  the  whole  of  it  by  cooling 
alone.  In  fact,  I  have  found  it  impossible  to  remove  the  chloride 
of  gold  entirely,  so  long  as  the  chlorine  was  present.  It  seems  that, 
as  already  quoted  from  Pratt,  a  higher  and  more  volatile  chloride  of 
gold  than  AuClj  forms  under  these  circumstances. 

Thus,  no  matter  whether  I  allowed  the  stream  to  pass  through  a 
long,  glass  tube  exposed  to  the  cooling  action  of  the  air,  bubbled  it 
through  wash-water,  passed  it  through  charcoal  dry  and  wet,  through 
dry  iron  nails,  or  through  nails  dampened  with  water,  I  was  able  to 
get  more  or  less  of  the  flame-test  for  gold.  The  two  latter  methods 
with  wet  charcoal  and  wet  iron  nails,  however,  were  eff^ective  in 
removing  some  of  the  gold. 

But  I  found  that,  in  order  to  remove  the  gold  with  any  degree  of 
efficiency,  it  is  necessary  to  destroy  the  chlorine  which  carries  the 
chloride  of  gold.  Anything  which  effects  this  result,  will  do.  I 
have  tried  several,  with  more  or  less  success.  Sulphydric  acid  does 
very  well,  but  there  is  some  danger  of  explosive  union  of  this  gas 
with  chlorine,  and  a  considerable  quantity  of  very  disagreeable 
chloride  of  sulphur  is  produced,  which  would  render  the  si^-bsequent 
extraction  of  the  gold  very  unpleasant.  The  reaction,  which  takes 
place  between  chlorine,  sulphurous  acid  and  water,  whereby  sul- 
phuric and  hydrochloric  acids  result,  may  be  easily  taken  advantage 
of,  if  sufficient  time  and  surface  are  provided  for  the  reaction  to  take 
place  efficiently. 

In  my  experiments  I  found  it  convenient  to  use,  as  a  condensation- 
tower  on  a  small  scale,  a  glass  jar,  9  inches  high  by  2|  inches  in 
diameter.  Into  the  bottom  of  this  I  introduced  a  glass  tube  bearing 
the  chlorine  stream  charged  with  gold  ;  by  means  of  another  tube 
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I  introduced  a  stream  of  siilplmrous  acid  generated  from  coj)pcr  and 
sulphuric  acid.  A  tubulature  near  the  bottom  alk)\ved  water  to  be 
added  for  the  gases  to  bubble  through,  or  for  the  withdrawal  of  the 
same  from  time  to  time. 

During  two  hours  I  passed  a  very  small  amount  of  gold  into  the 
condenser,  in  all : 

Sent  to  condenser, 4.83  mg.  of  gold 

Metallic  gold  filtered  from  condenser  water,       3.46  nig. 
Gold  precipitated  from  condenser  water  by  H.^S,  0.15 

Total  gold  conden.sed,        .         .     3.61  mg.  or  74.74  per  cent. 

In  this  case,  however,  whenever  the  stream  of  chlorine  was  much 
increased,  the  gold  flame  began  to  show  itself,  showing  that  suf- 
ficient time  and  surface  were  not  provided  for  the  reaction  of  the 
gases  to  take  place. 

I  next  used  charcoal,  with  which  the  cylinder  was  filled.  This 
was  wetted  with  water,  which  was  allowed  to  trickle  constantly 
through  it,  being  withdrawn  at  the  bottom,  and  replaced  from  time 
to  time.  The  gold-bearing  chlorine  stream  and  sulphurous  acid 
were  introduced,  as  before,  at  the  bottom  of  the  "  tower."  In  all 
cases  considerable  heat  was  generated  by  the  reaction,  the  contents 
of  the  condenser  being  rapidly  heated  nearly  to  100°  C.  In  one 
case  the  condenser  was  only  partly  filled  with  charcoal,  and  during 
the  experiment  nearly  all  the  gases  that  were  passed  to  it,  were  ab- 
sorbed by  the  water  and  the  charcoal,  only  a  very  slight  amount  of 
gas  of  any  kind  escaping,  and  no  sign  of  chloride  of  gold  appearing 
by  the  flame-test,  except  when  the  sulphurous-acid  stream  was  re- 
duced at  tiie  same  time  that  the  chlorine  stream  was  increased.  So 
long  as  the  sulphurous  acid  was  in  excess,  no  sign  of  gold-flame  ap- 
peared. After  the  experiment  was  over,  the  charcoal  was  drained 
on  a  filter  and  burned  on  roasting-dishes.  Copious  fumes  of  sul- 
phuric acid  and  hydrochloric  acid  were  set  free  at  first,  and  consid- 
erable decrepitation  of  the  charcoal  took  place,  leading,  no  doubt,  to 
a  mechanical  lass  of  gold.  During  the  condensation  which  lasted 
several  hours,  there  had  been  : 

Volatilized,  inclnding  that  which  condensed  in 
delivery  tnbes,  which  was  accidentally  lost  and, 
therefore,  could  not  be  deducted  to  give  actual 
amount  to  be  charged  to  the  condenser,    .         .     21.92  mg.  of  gold. 

Obtained  from  charcoal  ash,         ....     14.24    "      "      " 

Losses  (condensed  in  tube,  not  condensed,  etc.),      7.68   "      "      " 
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Or,  there  was  actually  savedof  the  total  amount  volatilized,  64.92 
per  cent.  If  the  amount  condensed  in  the  tube  before  it  reached 
the  condenser,  had  been  deducted,  the  percentage  yield  of  the  con- 
denser would  have  been  still  higher. 

In  another  experiment,  the  condenser  was  filled  with  charcoal, 
100  grammes  being  required  for  that  purpose,  and  the  apparatus 
was  fed  with  a  gold-charged  chlorine  stream  for  eleven  hours,  sul- 
phurous acid  and  water  being  added  as  before.  No  signs  of  a  gold- 
flame  were  detected  during  the  experiment.  The  charcoal  in  the 
lower  part  of  the  condenser  became  coated  with  metallic  gold. 

In  roasting  this  large  amount  of  charcoal,  in  spite  of  the  greatest 
care  in  roasting,  considerable  decrepitation  took  place,  and  no  doubt 
some  of  the  gold  contained  on  the  outside  of  the  charcoal,  was  thus 

lost. 

Sent  to  condenser  in  eleven  hours,        .         .        .     67.72  mg.  of  gold. 
Obtained  from  the  ash  of  charcoal,        .         .         .     45.58    " 

Loss  from  all  causes,     .        .     22.14   "      "     " 
Actual  yield  of  condenser,     .         .     67.31  per  cent. 

Coke  was  tried  in  the  condenser  instead  of  charcoal,  and  appeared 
to  work  equally  well  in  the  condenser,  and  had  the  advantage  of 
roasting  quietly  without  any  decrepitation.  Time  did  not  suffice  to 
push  these  experiments  with  coke  to  a  certain  conclusion. 

Iron  was  also  used  in  the  condenser.  In  this  case  the  action  ou 
the  gold  is  also  very  effective,  provided  sulphurous  acid  and  water 
are  present.  Considerable  heat  is  evolved,  ferrous  sulphate  and 
chloride  are  formed,  and  usually  a  little  sulphur  is  set  free,  probably 
from  the  reduction  of  some  of  the  SOg  to  H2S,  and  its  subsequent 
reduction  by  reaction  with  SO2.  Very  little  gas  escaped  except  a 
little  hydrogen  which  might,  indeed,  give  rise  to  explosions  on  the 
large  scale,  unless  it  were  provided  against. 

In  one  case  cast-iron  turnings  were  used.  After  passing  the 
chlorine  stream  charged  with  gold  for  several  hours,  no  sign  of  gold- 
flame  being  perceived  during  that  time,  the  iron  turnings  were  dis- 
solved in  dilute  sulphuric  acid  which  took  several  days,  the  residue 
containing  graphitic  carbon  roasted,  and  then  the  whole  residue 
assayed. 

The  total  gold  volatilized  was,         .         .     46.32  mg. 
Gold  condensed  on  walls  of  delivery-tube,     2S.60     " 

Sent  to  condenser 17.72 

Actual  yield  of  iron  from  condenser,   .     13.94    "      78.67  per  cent. 

Losses,    .        .        .      3.78      " 
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In  another  experiment  I  took  200  grammes  of  wronglit-iron  nails 
passed  in  SOo  and  water,  and  caused  the  ferrous  sulphate  and  chlo- 
ride to  circulate,  by  withdrawing  it  from  the  bottom  of  the  ap[)aratus 
and  allowing  it  to  drip  down  from  the  top  from  time  to  time. 

Tlie  total  amount  of  gold  volatilized  was  ....     4G.98  mg. 
diloride  of  gold  condensed  in  delivery-tube  contained  gold,     2(5.00     *' 

Passed  to  condenser,  ........     20.98     " 

Weight  of  gold  obtained  after  dissolving  iron  nails,  .     17.98     '" 

Losses  due  to  all  causes,  .       3.00     " 

Or,  in  other  words,  the  actual  saving  effected  by  the  condenser 
was  85.70  per  cent,  of  the  gold  sent  to  it.  It  is  evident  from  these 
results  that  a  greater  percentageof  the  gold  caught  might  have  been 
effected  by  either  of  these  means,  if  a  greater  amount  of  contact 
surface  had  been  supplied. 

The  following  remarks  apply  to  either  of  the  above  described 
methods.  Sufficient  surface  must  be  supplied  for  the  contact  of 
the  gases,  the  sulphurous  acid  must  be  in  excess  of  the  chlorine,  and 
water  in  sufficient  quantity  must  be  supplied  to  keep  down  the  tem- 
perature. 

It  seems  to  be  effective  to  circulate  the  water  charged  with  SOg, 
and,  in  the  case  of  iron,  with  FeSO^  and  FeClj.  But  this  must  not 
be  continued  till  the  water  becomes  saturated  with  the  H^SO^  and 
HCl  in  the  case  of  charcoal,  or  with  FcjClg  in  the  case  of  iron. 
If  this  is  done,  the  action  seems  to  be  deleterious,  as  the  water  loses 
its  power  to  dissolve  and  decompose  the  gases  SO2  and  CI. 

Charcoal  and  coke  are  cleaner  than  iron,  as  no  sulphur  is  set  free 
by  their  use.  If  a  sufficient  amount  is  used  to  give  contact  surface 
enough,  they  will,  probably,  prove  as  effective  as  iron.  If  charcoal 
is  used,  the  greatest  care  must  be  taken  in  roasting  it,  to  avoid  a 
mechanical  loss  of  gold.  Coke  has  the  advantage  over  charcoal  in 
this  respect,  and  also  in  furnishing  less  obstruction  to  the  draft,  and 
also  in  suffering  less  from  crushing.  Particular  care  must  be  taken 
that  the  water  used  does  not  get  surcharged  with  sulphuric  acid,  or 
the  efficiency  of  the  condenser  will  be  at  once  found  to  suffi^r. 

Although  iron  will,  perhaps,  prove  more  expensive  than  charcoal 
or  coke,  the  fact  that  a  great  quantity  of  waste  iron  accumulates 
about  a  mill  will,  perhaps,  render  its  use  possible.  The  value  of 
scrap-iron  to  the  chloriuator  has  already  been  established  in  precipi- 
tating the  gold  still  left  in  the  leaching  waters  after  ferrous  sulphate 
has  apparently  thrown  dowu  all  the  gold.     In  addition  to  the  ce- 
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ment  copper,  for  which  this  iron  was  originally  nsed,  enough  gold 
is  obtained  to  make  a  saving  of  several  thousand  dollars  in  the 
course  of  the  year.  If  iron  is  used  for  condensation,  it  should  be  so 
placed  as  to  offer  the  most  surface  to  the  gases,  and  to  yield  the  least 
obstruction  to  the  draft.  It  would,  probably,  be  possible  to  obtain 
most  of  the  gold  by  sluicing  out  the  condenser  from  time  to  time 
and  either  settling  out  the  gold  or  filtering  it.  It  would  not  be 
necessary  to  remove  the  scrap-iron,  or  to  dissolve  it  in  sulphuric 
acid,  as  I  had  to  do;  it  would  only  be  necessary  to  add  more  scrap- 
iron  at  the  top  from  time  to  time  to  supply  the  waste. 

The  chief  difficulty  that  would  have  to  be  met  in  applying  either 
method  would  be  in  constructing  a  condensing  tower  that  would  resist 
the  action  of  the  hot  acid  gases  and  water.  I  think,  however,  that 
this  need  not  prove  an  insuperable  obstacle,  if  the  tower  is  built  of 
ordinary  brick  laid  in  a  mixture  of  dry  sand  and  tar,  instead  of  lime 
mortar,  and  this  is  lined  with  fire  bricks  of  the  best  quality  which 
have  been  boiled  in  a  mixture  of  asphaltum  and  coal-tar  of  proper 
consistency  so  that  the  coating  will  not  run  when  heated  to  the 
temperature  of,  say,  boiling  water.  These  bricks  if  laid  while  still 
hot  will  make  tight  joints  without  mortar,  but  if  they  are  laid  cold 
may  be  joined  acid-tight  by  means  of  hot  asphaltum  of  proper  con- 
sistency. If  properly  built,  such  a  tower  ought  to  give  very  little 
trouble  from  acid  waters.  (Some  excellent  hints  on  this  subject 
are  given  in  the  Engineering  and  Ilining  Journal,  May  26, 1888,  by 
Dr.  Francis  Wyatt,  in  his  article  on  "The  Development  of  the 
American  Chemical  Industry.")  It  will  be  necessary,  however,  not 
to  use  too  much  coal-tar  in  the  mixture,  or  the  lining  will  soften  in 
spite  of  the  water  present  and  cause  the  gold,  etc.,  to  adhere  to  the 
walls,  making  a  very  disagreeable  mass  to  clean  up.  Probably  an 
experimental  tower  could  be  made  of  wood  or  an  old  leaching  tank 
if  it  were  well  protected  by  asphaltum. 

If  charcoal  or  coke  were  used  it  would  be  necessary  to  provide 
means  for  charging  these  substances  at  the  top,  and  for  withdrawing 
them  at  the  bottom,  from  time  to  time,  when  their  gold-content  was 
to  be  extracted. 

It  would  also  be  necessary  to  provide  an  artifical  draft  to  draw  the 
fumes  through  the  condenser. 

A  Guibal  fan  or  a  Root  blower,  constructed  mainly  of  wood  and 
thoroughly  painted  from  time  to  time  with  asphaltum  and  coal  tar, 
would  serve  the  purpose  here  as  it  does  in  connection  with  quick- 
silver condensers,  where  they  are  equally  exposed -to  the  attack  of 
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acid  waters.  Tlie  source  of  power  (in  nortliern  California,  at  least, 
where  water  under  a  high  head  would  most  always  be  available),  would 
most  conveniently  be  a  small  Pelton  wheel,  and  the  additional  ex- 
pense incurred  almost  nominal.  Where  water-power  was  not  at 
hand  it  might  be  found  best  to  use  the  condenser  only  at  such  times 
as  salt  was  added  to  the  ore,  as  the  volatilization  loss  at  other  times 
■would  be  probably  very  small.  It  is,  of  course,  evident  that  an  abun- 
dant su|)ply  of  SO2  should  be  ])rodueed  at  such  times  as  the  salt  was 
added  on  the  finishing  hearth,  so  as  to  aid  in  the  condensation  of  the 
gold  from  the  roasting  ore  on  the  upper  hearths.  The  condensation 
waters  that  issue  from  the  condenser  should  be  filtered,  after  being 
allowed  to  settle,  through  a  box  containing  charcoal  so  as  to  extract 
all  suspended  gold. 

Whether  or  not  such  a  condensing  plant  as  I  have  sketched  could 
be  made  to  pay  for  itself  on  the  working  scale  will  depend  on  further 
experiments  on  a  larger  scale  than  any  I  have  had  the  means  of 
making.  The  results  that  I  have  obtained,  however,  are,  it  seems  to 
me,  sufficiently  encouraging  to  warrant  the  attempt  being  made  on 
not  too  extensive  a  scale  at  first,  with  such  ores  as  are  found  to  give 
too  great  a  gold  loss  in  roasting.  The  same  appliances,  somewhat 
modified,  would  probably  serve  as  a  valuable  attachment  to  the  dust 
chambers  of  silver  roasting  furnaces. 

Conclusion  on  the  Conditions  that  Reduce  the  Gold-Loss 
IN  Roasting  to  a  Minimum. 

In  justice  to  the  metallurgists  of  California,  I  should  not  neglect  to 
add  that  the  case  of  the  excessive  loss  above  cited  is  not  to  be  taken 
as  a  type  of  the  work  that  is  done  in  treating  such  gold  ores.  It  is, 
however,  through  just  such  expensive  mistakes  as  the  one  instanced 
that  the  good  results  now  common  have  been  reached. 

In  April  of  this  year  (1888)  I  visited  Nevada  City  for  the  pur- 
pose of  learning  the  conditions  of  treatment  that  obtain  at  the 
present  time.  The  only  chlorination  works  then  in  operation  at  this 
place  were  those  of  Mr.  Maltman  and  that  at  the  Merri field  Mine, 
in  charge  of  ]\Ir.  Stansfield.  Both  these  works  have  favorable  repu- 
tations. In  addition  there  are  other  competing  works  at  Grass 
Valley.  While  I  have  had  no  time  or  opj)ortunity  to  determine  for 
myself  the  exact  yield  at  these  works,  the  fact  that  they  compete  in 
the  open  market,  charging  from  $15  to  $17  for  treatment  according 
to  size  of  lots,  etc.,  and  guarantee  a  yield  of  90  per  cent,  of  the  gold 
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and  60  percent,  silver  contents  of  these  sulpliiirets,  would  seem  to 
indicate  that  they  do  exceedingly  good  work  in  roasting,  and  that 
they  have  arrived  at  the  conditions  which  reduce  these  losses  to  a 
minimum. 

Here  the  old-fashioned  long  furnace  with  a  single  step  separating 
the  finishing  hearth  from  the  rest  of  the  furnace  is  still  the  favorite 
furnace,  the  total  lengths  of  the  hearths  being  from  55  to  65  ft.  by 
10  ft.  wide.  The  furnaces  hold  from  6  to  9  tons  and  usually  produce 
about  3  tons  per  day,  so  that  a  lot  of  ore  is  in  the  furnace  from  two 
to  three  days  at  a  time.  The  custom  now  is  to  charge  the  salt  after 
a  long  oxidizing  roast  at  a  dull  red  and  ending  with  a  low  cherry- 
red,  where,  as  the  ore  reaches  the  finishing  hearth,  and  the  sulphur 
has  been  very  thoroughly  oxidized,  the  salt  is  added,  the  tempera- 
ture of  the  furnace  being  slightly  lowered  at  the  time.  The  salt  is 
stirred  thoroughly  into  the  ore,  and  as  soon  as  it  has  become  "dis- 
solved "  by  the  roasted  ore,  which  takes  about  half  an  hour,  it  is 
drawn  into  the  cooling  pit. 

After  the  experiments  showing  how  the  volatility  of  the  gold  in 
the  presence  of  chlorine  is  increased  by  even  a  slight  increase  of 
temperature  above  a  red  heat,  it  will  be  readily  understood  how  im- 
portant an  influence  this  lowering  of  the  temperature,  when  the  salt 
is  added,  has  on  reducing  the  gold-loss. 

It  must  also  be  evident,  that,  since  the  ore  remains  in  the  furnace 
for  from  48  to  72  hours,  time  is  not  the  most  important  factor  in 
causing  the  loss.  Of  course,  if  salt  were  present  all  this  time  the 
result  M'ould  be  probably  somewhat  different. 

This  brings  me  to  a  point  that  is  well  worth  clear  statement  as  I 
have  never  seen  it  mentioned  before.*  I  have  already  shown,  that, 
in  all  the  muflfle  tests  that  I  have  made,  I  found  that  with  a  given 
percentage  of  salt  the  loss  of  gold  was  invariably  less  when  the  salt 
was  mixed  with  the  ore  at  the  start,  than  when  it  was  mixed  with 
the  ore  after  a  long  oxidizing  roast. 

I  thought  at  first  that  this  result  was  due  to  a  mechanical  loss 
caused  by  the  decrepitation  of  the  salt  added  to  the  hot  ore ;  this 
cause  was,  however,  carefully  eliminated  by  fusing,  and  then  pul- 
verizing the  salt  and  adding  this  dried  salt  carefully  to  the  ore  after 
it  had  slightly  cooled.  The  result  was  the  same.  The  real  reason 
is  apparent;  it  is  that  when  the  salt  is  added  at  the  start,  the  chlo- 

*  Mr.  Geo.  J.  Rockwell  has  recorded  a  similar  result  on  the  large  scale  with  sil- 
ver ores  at  Las  Yedras,  Mexico. — Engineering  and  Mining  Journal,  vol.  xlv.  p.  159. 
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rine  is  partly  used  in  volatilizino;  the  siilj)hnr,  and  so  adding  a 
given  amount  of  salt  at  the  start,  as  far  as  the  gold-loss  is  con- 
cerned, is  practically  equivalent  to  adding  a  less  amount  of  salt  after 
a  lono-  o.\idi/in>r  roastiny:.  Hence,  whenever  a  batch  of  ore  is  treated 
at  a  time  and  a  continuous  process  is  not  used,  it  is  natural  to  expect 
a  greater  loss  of  gold  when  the  salt  is  all  added  after  a  long  oxidizing 
roast.  But  as  it  is  well  known  that  the  reverse  procedure  gives  the 
least  loss  of  gold  in  continuous  roasting  on  a  large  scale,  as  has  been 
pointed  out  by  Mr.  Aaron,  it  is  worth  while  to  ascertain  the  reason 
why. 

The  reason  of  this  difference,  |)uzzled  me  for  a  long  time  ;  it  is, 
however,  undoubtedly  due  to  the  fact  that  in  the  muffle  experiments, 
and  in  fact  to  all  batch  roasts  in  the  reverberatory  furnace  or  other- 
wise, where  the  whole  lot  of  ore  is  kept  at  the  same  temperature 
throughout,  when  the  gold  chloride  has  once  formed  and  left  the 
batch  of  ore,  that  is  the  last  of  it  as  far  as  that  sample  of  ore  is  con- 
cerned ;  hence  the  more  chlorine  set  free  after  the  gold  becomes  ex- 
posed to  it  the  greater  the  loss.  Hence  adding  salt  at  the  end 
produces  a  greater  loss  of  gold.  Now,  when  the  ore  is  treated  con- 
tinuously in  the  long  hearth  reverberatory  furnace,  it  is  not  all  kept 
at  the  same  temperature,  but  it  is  red  hot  at  one  end  and  dark  at  the 
other  ;  hence  excellent  conditions  are  maintained  for  condensing  the 
gold  chloride  set  free  at  the  hot  end  by  the  cold  ore  still  containing 
sulphur  at  the  other.  Now  if  salt  is  all  added  at  the  start  there  is  a 
continued  volatilization  of  chloride  of  gold  all  through  the  furnace, 
and  a  less  favorable  opportunity  for  it  to  condense,  while  if  on  the 
other  hand  the  salt  is  all  added  at  the  hot  end  at  the  finishing  hearth, 
although  a  rapid  volatilization  of  gold  takes  place  there,  it  has  a 
chance  to  condense  by  coming  in  contact  with  the  long  surface 
(some  thirty  feet)  of  unsalted  cooler  ore ;  some  of  this  is  yielding  SOg 
and  with  the  steam  from  the  burning  fuel  offers  excellent  means  for 
reduction  of  the  chloride  of  gold  right  within  the  furnace,  but  the 
most  efficient  means  probably  is  the  pyrites  themselves. 

In  order  to  test  the  truth  of  this  assumption,  I  passed  a  gold-charged 
chlorine  stream  over  one-sixth  assay  ton  of  Murchie  pyrite,  which 
originally  contained  0.75  mg.  of  gold.  On  gently  warming  the  py- 
rite a  most  vigorous  combination  took  place  between  the  gold  and 
the  chlorine  stream,  brilliant  luminous  clouds  of  scale  of  a  micaceous 
appearance  filling  the  tube.  These  proved  afterwards  to  be  anhy- 
drous chloride  of  iron  ;  chloride  of  sulphur  was  afterwards  formed  ; 
no  gas  escaped  from  the  tube  except  when  the  chlorine  stream  was 
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urged,  tlien  the  gold  flame  became  apparent.  The  total  amount  of 
gold  volatilized  and  sent  to  the  pyrite  was  5.19  mg.  Much  of  this 
escaped  condensation,  for  the  ore  after  treatment  (which  bv  the  way 
was  a  very  uncomfortable  mass  of  hygroscopic  chlorides  of  iron,  sul- 
phur, etc.)  assayed  3.30  mg.  of  gold.  Now  the  original  content  of 
gold  in  the  ore  was  only  0.75  mg.,  hence  the  gold-content  of  the  ore 
had  increased,  owing  to  this  cause,  more  than  300  per  cent.  Of  course, 
this. is  an  extreme  case,  but  it  shows  how  important  a  part  the  con- 
densation of  this  volatilized  chloride  in  the  furnace  itself  may  play  in 
reducing  the  gold-loss.  That  there  is  something  in  this  on  a  large 
scale  is  evidenced  by  the  fact  which  I  have  always  observed,  that 
where  the  upper  hearth  was  kept  at  a  red  heat  there  was  a  considera- 
ble loss  of  gold  when  salt  was  used,  and  that  where  the  best  results 
have  been  obtained  the  upper  end  of  the  hearth  was  kept  below  a  red 
heat  for  a  distance  of  fifteen  or  twenty  feet. 

I  think  enough  has  been  said  to  show  what  a  delicate  process 
the  chloridizing-roasting  of  gold  ores  is ;  how  easy  it  is  to  incur 
enormous  losses  of  gold  by  inattention  to  what  may  appear  in- 
significant trifles ;  and  how  necessary  in  such  matters  is  a  systematic 
weighing  and  sampling,  as  well  as  assaying  of  the  ores  and  products, 
in  order  to  know  at  once  when  such  losses  are  taking  place,  so  as 
to  be  able  at  once  to  check  them.  The  remarks  on  this  latter  head 
made  in  Mr.  Daggett's  paper  on  the  Russell  Process  ( Trans.,  xvi. 
363)  are  certainly  worthy  of  careful  consideration.  To  my  certain 
knowledge,  considerable  losses  have  taken  place  through  lack  of 
attention  to  these  simple  matters  of  ordinary  routine.  Hap-hazard 
and  occasional  sampling  and  assaying  are  worse  than  useless.  They 
lead  to  great  losses  of  valuable  capital,  frequently  to  the  total  aban- 
donment of  good  properties,  and,  worse  than  all,  to  a  false  sense  of 
self-satisfaction  that  discourages  improvement  by  denying  its  ne- 
cessity. 
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VALLEY. 

BY  WILLIAM  M.  BOWKON,  SOUTH  PITTSBURGH,  TENN. 

(Birmingham  Meeting,  May,  18S8.) 

Ax  interesting  calculation  was  made  at  the  Chattanooga  Meeting 
of  1885  as  to  the  cost  of  making  a  ton  of  pig-iron  in  the  Chatta- 
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nooga  and  Birmingliatu  districts.  Since  that  time  new  territory  has 
been  opened,  now  raih'oads  have  been  built,  and  recent  construction 
lias  remedied  some  of  tlie  leakages  of  former  practice.  The  metal- 
lurgy of  the  ores  of  these  distri(;ts  and  the  cajiabilitios  of  their  fuels 
are  now  clearly  ascertained  ;  l)ut  the  old  question,  How  much  does 
it  cost  to  make  a  ton  of  iron?  is  still  unanswered,  so  far  as  popular 
knowledge  goes. 

Cost-accounts  are  considered,  in  this  district  at  least,  as  close  secrets  j 
and  I  am  not  prepared  to  betray  them,  for  the  excellent  reason  that 
I  have  never  had  access  to  the  cost-account  of  any  firm  making  iron 
in  these  districts. 

Probably  if  I  had  sought  such  special  information  I  could  have 
got  it,  but  it  Avould  not  have  been  available  for  publication,  and  its 
possession  would  have  rather  been  a  source  of  embarrassment  than 
aid  in  the  independent  investigation  that  I  have  made.  Besides  which, 
there  are  peculiarities  in  the  conditions  of  most  firms  that  prevent 
them  from  being  re[)resentative  of  their  neighbor's  practice. 

Mv  first  idea  was  to  try  to  get  in  confidence  such  figures  as  might 
be  averaged  ;  but  a  very  little  study  made  me  abandon  this,  if  for  no 
other  reason  than  that  the  differences  in  matters  that  were  included 
in  cost  would  render  such  average  worthless.  For  example,  one 
operator  builds  fifty  coke-ovens  and  charges  them  up  to  "general 
expenditure."  His  neighbor,  building  the  same  number,  charges 
them  up  to  "capital  account."  The  figures  of  cost  on  the  same  make 
and  under  similar  conditions  would  not  be  identical.  I  now  pro- 
pose to  give  some  data  of  cost  that  may  assist  those  making  their 
own  calculations  for  any  specific  locality,  premising  that  my  figures 
are  based  on  Sequachee  Valley  practice,  as  the  district  most  familiar 
to  me.  It  is  but  simple  justice  to  the  Tennessee  Coal,  Iron  and 
Railroad  Company  to  state  that  none  of  the  figures  have  been  derived 
from  their  work.  Owing  to  their  special  facilities  they  work  one 
department  into  another,  and  the  figures  I  arrive  at  should  not  be 
quoted  against  them.  I  am  dealing  with  a  furnace  built  in  Sequa- 
chee Valley  to  work  its  own  local  ore  and  coal  and  to  buy  its  soft 
ore. 

The  materials  included  in  Sequachee  Valley  are  ore  and  coke. 

Hard  ore  is  worth  75  cents  per  ton  and  soft  ore  can  be  had  for 
about  $2.25  i)er  ton  delivered. 

A  working  mixture  is, 

Plard  ore, 4200  pounds. 

Soft  ore,        .........     3500  pounds. 


COST   OF   A   TON   OF   PIG-IEON    IX   THE   SEQUACHEE   VALLEY.      47 

Allowing  the  hard  ore  to  run  30  per  cent,  and  the  soft  ore  50  per 
cent.,  this  charge  would  give  3010  pounds  of  iron.  Reducing  the 
ore  to  that  required  for  2000  pounds  of  iron,  we  have 

Hard,  2757  pounds,  worth,      ....... 

Soft,  2325  pounds,  worth, 

Add  10  per  cent,  for  waste,  moisture,  etc.,       .... 

Ore  per  ton  of  iron, ........     $4,014 

The  next  item  is  coke.  Analyzing  its  probable  cost,  I  have  from 
different  sources  and  composite  data  got  the  figures  below. 

Tiie  general  nature  of  the  coal  may  be  gained  from  the  following 
table : 


NAME  OF  COAL. 

Miles  Nortii 

of 
S.  Pittsburg. 

Ash. 

Fixed 
Carbon. 

Volatile 
Matter. 

< 

1  Battle  Creek 

0 

2 

2 

2 

2 

3 

18 

14 

16 

18 

22 

22 

28 

30 

31 

31 

33 

35 

40 

45 

55 

70 

44 

73 

75 

9.28 

11.03 

12.14 

9.16 

7.29 

14.13 

11.17 

10.40 

13.77 

12.07 

10.14 

9.63 

10.02 

11.16 

10.14 

14.33 

9.21 

8.27 

5.62 

8.83 

9.36 

13.98 

8.84 

12.38 

11.45 

73.18 
72.65 
69.64 
70.52 
64.57 
65.65 
60.62 
65.00 
60.00 
61.00 
60.59 
59.32 
60.54 
60.84 
60.14 
61.39 
60.47 
65.37 
73.64 
73.28 
71.01 
65.40 
69.77 
58.83 
55.87 

17.54 
16.32 
18.18 
20.32 
28.14 
20.22 
28.21 
24.60 
26-23 
26.18 
29.27 
31.05 
29.44 
28.00 
28.72 
24.28 
30  33 
28.36 
20.00 
16.13 
17.86 
20.62 
21.39 
28.78 
32.06 

1.28 
1.37 
1.00 
0.23 
0.65 
0.90 
0.12 
1.86 
0.63 
0.50 
0.66 
0.81 
0.33 
0.42 
0.60 
O.Sl 
0.39 
0.89 
0.84 
1.76 
? 

1.48 
1.40 
0.08 
0.11 

2  Wall  No.  2 

3  Wall  No.  3 

4  Wall  No.  5 

5  Wall  No.  7 

6  Kalston's  Cove* 

7  Whitewell 

8  Victoria 

9  Bee  Branch 

10  Distribute  Branch 

11  Hamniet's  Cove 

12  Grifhth's  Creek 

13  Kinnaird's  Cove* 

14  Deakin's* 

15  ytone 

16  Rankin 

17  Elliot  

18  Heard 

19  Sealsf 

20  Norwood! 

21  Furgusonf 

22  Webb 

23  Panter 

24  Basses  Creek 

25  Brown 

1  have  made  an  attempt  to  divide  up  the  cost  of  mining,  as  fol- 
lows : 


*  Outcrops. 


t  Dickerson. 
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Cents. 
50.0 
12.0 
3.0 
2.5 
6.8 
2.5 


Mining  coal,       ..... 
Air  course  and  entry, 

Incline, 

Superintendence,  clerks  and  offices,    . 
^lules,  drivers,  and  outside  labor, 

Tipple 

CJeneral  expenses,  i.e.,  taxes,  insurance,  exhaustion  of  land,  etc.,       7.5 
Timber, 2.5 

87.3 

On  cars  at  niine.  Coked  in  11-foot  ovens,  holding  4  tons  of  coal, 
100  bushels  of  this  coal  give  115  of  coke;  or  8000  pounds  of  coal 
give  4600  coke.     The  cost  of  this  may  be  divided  thus : 

Cents. 

3.492 
.500 
.250 
.050 
.150 


4  tons  coal  per  oven,         .... 
Charging,  levelling,  bricking  and  drawing. 

Loading, 

Repairs, 

Extra  labor,  switching,  weighing,  etc,     . 


4.442 


Or  $1,929  per  ton  of  coke  on  cars  at  ovens. 

To   make  a  ton   of  pig-iron  with  this  coke  takes  2748  pounds 
of  coke,  worth 


Net  cost,        .... 
"Waste  and  braise,  10  per  cent., 


$1,929 
.193 


$2.12 


Or  $2,915  per  ton  iron,  plus  the  freight  for  haulage  from  coal-mines 
to  furnace. 

To  recapitulate : 


Ore, 
Coke. 


$4,014 
2.915 


Lab 


or. 


We  can  only  arrive  at  labor  by  considering  the  actual  production 
of  furnaces  using  similar  materials  to  those  under  consideration. 
The  following  wages  and  labor  are  taken  from  actual  practice: 
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2  Engineers,  at 

.  $1.90 

$3.80 

2  Firemen,  at   . 

.     1.25 

2.50 

2  Keepers,  at    . 

.     2.50 

5.00 

2  First  helpers,  at     . 

.     L15 

2.30 

2  Second  lielpers,  at 

.     1.10 

2.20 

2  Third  helpers,  at  . 

.     1.00 

2.00 

2  Stovemen,  at 

.     1.10 

2.20 

1  Blacksmith,  at 

.     2.00 

2.00 

1  Helper,  at      .        .         . 

.     1.15 

1.15 

1  Lampman,  at 

.     1.10 

1.10 

5  Water  boys,  at 

.       .40 

2.00 

4  Cindermen,  at 

.    1.15 

4.60 

1  Foreman  cinder-yard,  at 

.     1.25 

1.25 

14  Laborers,  at   . 

.     1.15 

16.10 

4  Horses,  at      .         .         . 

.     1.00 

4.00 

1  Scrap-man,  at 

.     1.25 

1.25 

T  Scales-man,  at 

.     1.40 

1.40 

1  Scales-man,  at 

.     1.30 

1.30 

2  Cage-men,  at 

.     1.15 

2.30 

2  Top-fillers,  at 

.     1.20 

2.40 

2  Top  fillers,  at 

.     1.15 

2.30 

9  Ore-fillers,  at 

.     1.00 

9.00 

8  Coke-fillers,  at 

.     1.00 

8.00 

4  Ore-breakers,  at 

.    1.00 

4.00 

4  Ash-men,  at  . 

.     1.00 

4.00 

2  Water-boys,  at 

.       .40 

.80 

1  Foreman, 

.     1.45 

1.45 

25j  Laborers  on  ore  in  stock -house,  at 

.     1.00 

25.50 

$115.90 

Switch-engine  and  yard  crew,  .... 

20.00 

Superintendence  and  clerks,     .... 

20.00 

155.90 

ti  average  make  of  85 

ton 

s  pe 

r  da 

ij,  or  $1,834 

per  ton. 

We 


have  then^ 


Ore, $4,014 

Coke, 2.915 

Labor, 1.834 

Stores 250 

(This  includes  railroad-iron,  oil, coke-forks,  sand,  lumber,  etc.) 

$9,013 

Being  the  cost  of  making  a  ton  of  pig-iron  less  the  cost  of  bringing 
the  fuel  to  the  furnace,  which  is  supposed  to  be  located  near  the 
mine  in  the  Sequachee  Valley,  and  25  cents  should  cover  it.  There 
only  remains  to  add  for  repairs  and  depreciation  of  plant  10  per 
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cent,  on  ^100,000  investment  and  G  per  cent,  interest  on  the  same 
for  use  of  the  money  (for  the  only  saie  way  is  to  regard  the  money 
invested  as  borrowed).  These,  calcuUitcd  on  30,000  tons  per 
annum,  are, 

Depreciation,   ..........       •25 

Interest, 15 

Brought  forward 9.013 

$9,413 

Proljable  freight  on  coke, 25 

$9,663 

As  this  is  a  ton  of  2000  lbs.  the  cost  of  a  ton  of  2240  lbs.  will  be, 
according  to  the  above  figures,  $10.82. 

The  allowance  for  sand  in  the  pig-iron  ton  does  not  require  to  be 
made  here. 

Local  conditions  vary,  but  the  figures  above  will  come  very  near 
the  truth  in  Sequachee  Valley,  where  ore  and  coke  are  only  4  miles 
apart  in  a  direct  line,  and  can  commercially  be  united  by  rail  inside 
20  miles. 

As  a  basis  for  comparison  this  estimate  will  be  useful  if  only  to 
check  the  wildly  small  estimates  of  the  authors  of  "boom"  literature 
and  their  residuary  legatees,  the  tariff-tinkers.  Unless  conditions  are 
favorable,  construction  suitable,  and  management  good,  these  figures 
will  be  exceeded.  Distance  from  market  becomes  a  further  factor 
in  the  question  of  "  profit  and  loss,"  but  I  am  simply  regarding  here 
the  cost  of  making  a  ton  of  iron  in  Sequachee  Valley. 


THE  EFFICIENCY  OF  A  STEAM-BOIL EB  USING  THE  WASTE 
GAS  OF  A  BLAST-FUBNACE  AS  FUEL. 

BY   D.   S.   JACOBUS,  M.E. 

PRESENTED  BY  J.   E.   DENTON,   HOBOKEN,   N.  J. 

(Birmingham  Meeting,  May,  1888.) 

The  boiler  here  referred  to  was  of  the  water-tube  type,  having 
2535  square  feet  of  heating-surface,  which  the  makers  held  to  be 
capable  of  generating  325  horse-power  of  steam  ;  this  being  under- 
stood to  mean  that  325  times  30  pounds  of  water  would  be  evap- 
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orated  per  hour  from  feed-water,  at  212°  F.,  into  steam  at  atmos- 
pheric pressure. 

The  blast-furnace  gases  were  led  by  an  underground  conduit  to  a 
point  in  front  of  tiie  firing-door  of  the  boiler,  and  thence  vertically 
upwards  to  a  chamber  which  was  built  out  from  the  firing-door 
opening  for  about  2  feet.  This  projecting  chamber  was  about  20  by 
16  inches  in  cross  section,  and  its  interior  was  divided  into  eight  hori- 
zontal gas-passages,  3  inches  deep  and  7h  inches  wide.  The  air- 
passages,  six  in  number,  were  2  inches  deep  and  7^  inches  wide,  and 
were  arranged  alternately  with  the  gas-passages,  an  air-passage  being 
between  each  two  gas-passages.  Each  gas-passage  connected  with 
a  space  at  the  outer  extremity  of  the  chamber,  and  into  this  space 
the  vertical  gas-flue  delivered  the  hot  waste  gas.  Each  of  the  air- 
passages  was  open  at  either  side  of  the  chamber  to  the  atmosphere, 
at  which  point  regulating-valves  were  placed.  By  means  of  the 
draught  of  the  boiler-chimney,  air  and  hot  gas  were  drawn  through 
the  horizontal  passages  of  the  chamber,  and  brought  into  contact 
with  each  other  at  the  sill  of  the  firing-door  opening,  where  the 
mixture  was  ignited  by  passing  over  a  bed  of  incandescent  coal, 
which  was  maintained  on  the  grate  of  the  boiler  for  this  purpose. 

Two  tests  of  the  boiler  were  made,  each  over  an  interval  of  12 
hours.  The  water  fed  and  evaporated  was  measured  through  a 
Worth ington  meter,  arranged  so  that  20  cubic  feet  of  water  could, 
at  intervals,  be  drawn  off  through  it  upon  a  pair  of  scales,  and 
thereby  the  rate  of  the  meter  determined  under  the  exact  conditions 
of  its  service.  The  correction-constants  at  the  foot  of  Tables  I.  and 
IT.  show  the  results  of  such  tests  of  the  meter. 

The  composition  of  the  gas  entering  and  leaving  the  boiler-fur- 
nace was  determined  simultaneously  by  the  use  of  two  portable 
Elliott  gas-analyzing  instruments ;  Table  III.  exhibits  the  data  thus 
obtained. 

The  temperatures  of  the  entering  gas,  of  the  combustion-chamber 
or  space  over  the  grate,  and  of  the  gases  at  their  exit  from  the  boiler- 
furnace,  were  respectively  determined  by  a  copper-ball  pyrometer. 
Owing  to  losses  by  radiation,  while  removing  the  ball  from  the 
furnace,  the  temperatures  obtained  are  lower  than  the  true  amounts ; 
but  as  the  only  temperature  equal  to  a  red  heat  is  not  employed  in 
deducing  any  of  the  conclusions  made  herein,  the  amount  of  error 
is  regarded  as  unimportant.  Columns  10  and  11  of  Table  II.  give 
the  results  obtained. 

The  quantity  of  air  supplied   to  the  furnace  was  approximately 
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measured  by  the  use  of  two  aiioniomctcrs,  or  current-meters,  placed 
respectively  iu  a  circular  slicct-irou  pipe  9  inches  diameter,  which 
Mas  made  to  embrace  one-half"  of  the  openings  for  the  inlet  of  air 
in  the  projecting  chambers,  through  which  air  and  gas  were  intro- 
duced into  the  boiler-furnace,  as  described  above.  Columns  3  and 
4  of  Table  II.  give  the  readings  of  the  anemometers  in  linear  feet, 
which,  being  multiplied  by  four  times  the  area  of  a  9-inch  circular 
])ipe,  expressed  in  square  feet,  and  by  the  correcting  multipliers  in 
column  16,  give  the  theoretical  volume  of  air  in  cubic  feet.  The 
theoretical  amount  of  air  thus  determined  is  increased  by  20  per 
cent,  in  the  formulae  of  Appendix  I.,  but,  as  there  stated,  the  record 
of  the  anemometers  is  not  regarded  as  correct.  The  unreliability  of 
the  anemometer-record  is  shown  as  tbllows:  From  the  analyses  of 
the  gases,  the  ratio  of  the  weight  of  the  entering  gas  to  the  weight 
of  air  is  determined  (see  Appendix  I.).  If,  then,  the  weight  of  air 
as  shown  by  the  use  of  the  anemometer,  is  considered  to  be  all  the 
air  that  enters  the  furnace,  and  the  weight  of  gas  consumed  is  cal- 
culated by  multiplying  this  weight  by  the  ratio  of  gas  to  air,  we 
obtain  a  weight  of  gas,  the  calorific  effect  of  which,  as  calculated  in 
Appendix  II,,  Mill  not  be  great  enough  to  produce  the  known 
amount  of  heat  required  to  evaporate  the  water  fed,  and  leave  a 
reasonable  amount  for  draught  and  radiation.  The  amount  of  air 
as  shoM'u  by  the  anemometer  is,  therefore,  too  small.  The  pressure 
of  the  entering  air  just  within  the  air-orifices  of  the  mixing  cham- 
ber, and  that  of  the  entering  gas,  are  given  in  columns  7  and  9, 
Tables  I.  and  II. ;  the  pressure  at  the  base  of  the  chimney  causing 
the  draught  is  given  in  column  8.  All  these  pressures  are  in  inches 
of  water.  A  minus  sign  opi)osite  these  figures  indicates  pressure 
below  the  atmosphere. 

The  fluctuation  in  the  signs  and  magnitude  of  the  pressure  of  the 
entering  gas,  is  due  to  the  fact  that  the  amount  of  gas  available  for 
generating  steam  was  limited  to  the  surplus  of  gas  over  the  amount 
necessary  for  the  hot-blast  stoves ;  and  this  surplus  was,  at  intervals, 
so  exhausted,  that  the  draught  of  the  stoves  reduced  the  pressure 
in  the  main  waste-gas  pipes  leading  from  the  blast-furnace,  to  less 
than  that  of  the  atmosphere,  to  such  an  extent  as  to  change  the  sign 
of  the  pressure  of  the  gas  at  its  entrance  to  the  boiler-furnace.  The 
fuel  used  in  the  blast-furnaces  M'as  Walston  coke. 

The  quality  of  the  steam,  or  amount  of  priming,  was  determined 
by  the  use  of  a  surface-calorimeter,  the   range  of  accidental  varia- 
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tion  of  which  was  knovrn  to  be  not  more  than  3  per  cent,  of  moisture. 
The  results  of  these  tests  are  given  in  cohimn  10,  Table  T. 

Opportunity  offering,  analyses  of  the  gases  were  made  at  the  en- 
trance and  exit  of  one  of  the  Whitwell  hot-blast  stoves  with  the  re- 
sults shown  in  Table  IV. 

Conclusions. 

The  principal  practical  results  deduced  from  the  tests  are  as  fol- 
lows : 

I.  It  is  evident  from  the  analyses  given  in  Table  III.,  that  the 
only  combustible  element  in  the  gas  was  carbon,  and  that  the  com- 
bustion was  not  entirely  perfect,  1.8  per  cent,  of  carbonic  oxide  being 
present  when  the  gases  reached  the  chimney. 

II.  Including  the  effect  of  the  650°  initial  temperature,  the  cal- 
orific power  of  a  pound  of  the  gases  burned  under  the  steam-boiler 
was  1413  British  thermal  units.  For  the  detailed  calculations  by 
which  this  figure  is  deduced  see  Appendix  II. 

III.  The  amount  of  air  required  for  the  combustion  of  each  pound 
of  this  gas  was  ^^  of  a  pound.  For  details  of  the  method  by  which 
this  result  was  deduced  see  Appendix  I. 

IV.  With  a  chimney-draught  equivalent  to  IJ  inches  of  water, 
an  area  of  gas-inlet  equal  to  300  square  inches,  and  an  area  of  air- 
inlet  equal  to  about  100  square  inches,  the  boiler  generated  about 
336  horse-power,  on  the  basis  of  30  pounds  of  water  evaporated  per 
hour,  from  a  temperature  of  200°  feed-water,  and  at  about  70  pound 
steam -pressure ;  the  priming  tests.  Table  I.,  showing  that  practically 
dry  steam  was  produced.  This  is  equivalent  to  the  evaporation  of 
11.592  pounds  of  water  per  hour  from  and  at  212°,  or  about  5 
pounds  per  hour  per  square  foot  of  heating-surface,  which  is  as  great 
a  rate  of  evaporation  as  is  obtained  by  firing  with  good  coal  at  a  rate 
of  combustion  of  about  12  pounds  of  coal  per  square  foot  of  grate- 
area  per  hour. 

V.  The  eflficiency  of  the  boiler  is  61  per  cent.,  that  is,  of  the 
1413  thermal  units  or  calorific  power  of  each  pound  of  the  blast- 
furnace gas,  61  per  cent,  is  probably  represented  by  the  heat 
usefully  applied  in  evaporating  the  water  fed  to  the  boiler.  This 
efficiency  is  equivalent  to  the  evaporation  of  8  pounds  of  water 
per  pound  of  coal  from  and  at  212°,  assuming  that  the  coal  yields 
12|  per  cent,  of  ashes.  For  the  detailed  calculation  by  which  the 
efficiency  is  deduced  see  Appendix  II. 
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Appendix  I. 

From  the  composition  of  tlio  onuses  entering  and  leaving  the 
boiler- furnace,  as  siiown  by  Table  III,  we  find  that  the  theoretical 
amount  of  air  necessary  to  sn|)i)ly  the  oxygen  for  combustion,  was 
0.9  of  a  pound,  per  pound  of  entering-gas.  This  is  arrived  at  as 
follows: 

Let  Cg  =  weight  of  carbon  in  1  pound  of  entering-gas. 

Let  Cf  =  weight  of  carbon  in  1  pound  of  flue-gas. 

Let  Cc  =  weight  of  carbon  in  the  ignition-coal  consumed  per 

pound  of  total  air  used. 
Let  W  =  weight  of  air  required  for  lo  |)ounds  of  entering-gas. 
Let  w  =  weight  of  entering-gas  per  unit  of  time. 

Then  we  must  have 

Cf    (  «;  +  W  +  W  Cc  )  =  w  Cg  +  W  Cc 
Whence, 

W    ^    Cg  —  Cf 

w  Cf    (  1  +  Cc   )    —   Cc 

We  have  from  the  data  in  the  tables 

Cg  =  14.37  per  cent. 
Cf  =  7.95  per  cent. 

Coal  used  per  hour  for  igniting  gas  =  71  pounds.  Air  recorded 
per  hour  by  anemometers  +  20  per  cent,  for  leakage  through  open- 
ings in  boiler-setting  =  8459  pounds.  Assuming  the  coal  to  be 
.80  per  cent,  carbon,  we  have 

^  0-8       X       71  ^  QQQrj 

*"•=  8459 

Hence 

W  .1437  —  .0795  _     q^ 


.0795  (  1  +  .0067  )   —  .0067 


It  will  be  noticed  that  this  computation  depends  upon  the  carbon 
ingredient  of  gases  alone. 

A  computation  based  upon  the  oxygen  ingredient  gives  —  =.96. 

It  may  also  be  noticed  that  the  effect  of  the  amount  of  air  obtained 
from  the  anemometers  enters  the  computation. 

We  do  not  regard  the  anemometer-record  as  a  reliable  measure  of 
the  amount  of  air  used  ;  and  our  arbitrary  allowance  of  20  per  cent, 
for  leakage,  which  is  based  upon  a  rough  estimate  of  the  amount  of 
leakage-openings  noted  by  the  observer,  adds  to  the  approximate 
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character  of  the  figures  used  for  air-consumption  per  hour.  But  if 
the  value  of  Co  in  the  formula  were  made  zero,  that  is,  if  the  amount 

W 

of  air  used  per  hour  were  made  infinity,  the  resulting  value  of  — 

would  be  0.8,  a  figure  differing  but  0.08  from  that  obtained  with  the 
value  of  air  assumed. 

^v 

Hence  it  is  evident  that  the  value  of  —  may  be  taken  at  the 

w 

average  of  the  above  figures,  which  we  have  called  0.9,  without 
apprehension  regarding  an  impracticably  erroneous  result,  due  to 
the  approximate  character  of  the  anemometer-record. 

Appendix  II. 

The  combustion  of  each  pound  of  entering-gas  is  accompanied  by 
the  following  development  of  calorific  effect : 

First.  The  26.7  percent,  of  carbonic  oxide  in  burning  to  carbonic 
acid  develops  .267  X  4400  =  1175  British  thermal  units. 

Second.  The  pound  of  gas  enters  the  furnace  at  a  temperature  of 
584°  F.  above  the  temperature  of  the  boiler-room.  Therefore, 
taking  the  specific  heat  of  the  gas  at  .24,  the  available  heat  from  this 
source  is  584°  X  .24  =  140  British  thermal  units. 

Third.  There  is  consumed  an  amount  of  coal  for  ignition-purposes 
equal  to 

"^1  =     .0075  pounds 


8459      X 


per  pound  of  entering  gas,  from  which  there  is  available,  assuming 
12.5  per  cent,  ashes,  an  amount  of  heat  equal  to  .0075  X  13000  =  98 
thermal  units.  The  total  heat  available  per  pound  of  entering-gas 
is,  therefore,  1175  +  140  +  98  =  1413  thermal  units. 

There  is  wasted  out  of  this  amount : 

Ist.  The  heat  necessary  to  raise  the  temperature  of  0.9  of  a  pound 
of  air  from  the  temperature  of  the  boiler-room,  66°  F.,  to  775°  F., 
the  temperature  of  the  chimney,  making  (775°  —  66°)  X  .24  X 
0.9  =  153  thermal  units. 

2c?.  A  portion  equal  to  the  heat  necessary  to  raise  the  gas  itself 
from  the  boiler-room  temperature  to  the  chimney  temperature, 
making  (775°  —  66°)  X  .24  =  170  British  thermal  units. 

Sd.  The  heat  necessary  to  raise  the  gaseous  products  of  the  igniting- 
coal  from  the  temperature  of  the  boiler-room  to  that  of  the  chimney. 
For  12.5  per  cent,  ashes,  the  weight  so  raised  will  be,  per  pound  of 
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entering-gas,  |  X  .0075  pounds,  and  tlio  loss  of  heat  will,  therefore, 
be  (775°  — 66°)  X  .24  X  ^  X  .0075  =  1.1  thermal  units. 

4fh.  The  loss  of  heating-effect  due  to  unconsumed  carbonic  oxide. 

The  analysis  of  gases  at  exit  from  furnaces  shows  that  the  escaping 
gases  contained  1.8  per  cent,  of  unconsumed  carbonic  oxide.  There 
is  0.9  of  a  pound  of  air  admitted  per  pound  of  entering-gas,  and 
26.7  per  cent,  of  the  latter  is  carbonic  oxide. 

Hence  the  total  carbonic  oxide  is 


26.7 
1.9 


14.0  per  cent. 


of  the  total  gas  escaping  from  the  furnace. 

Hence  1.8  per  cent,  of  unconsumed  carbonic  oxide  per  pound  of 
escaping  gas  is  equivalent  to  a  proportion  of  the  total  amount  of 
carbonic  oxide  being  unconsumed  equal  to  1.8  per  cent,  divided  by 
14.0  per  cent.,  or  12.9  per  cent. 

TABLE  i; 
Test  Ko.  1  on  Boiler  in  Battery  at  extreme  left  of  Boiler  Eooin. 
September  24th,  1887. 

Area  of  Gas-inlets,  340  sq.  in. — Area  of  Air-inlets,  120  sq.  in.     Heating-surface  of 

Boiler,  2-53.5  sq.  ft. 
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213,460 

62 

184 

—.50 

—1.25 

0 

which    malc- 
er's    guaran- 
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213,651 

62 

146 

.4 
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tee  was  made.  J 
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65 

146 
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Amount  of  Air  not 
Measured. 

cu.  ft. 
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1706 

3.0 
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—4.5 
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Her  hour 

Average, 
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1.0 
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—1.30 

—  .15 

*  Corrected. 
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Consequently  the  heat  wasted  per  pound  of  entering-g:is,  due  to 
unconsuuied  earbonic  oxide  is  .129  X  1175  =  152  thermal  units. 

bth.  Tlie  heat  equivalent  to  the  radiation  taken  at,  say  5  per  cent.* 
of  the  total  heat  of  combustion,  or  .05  X  1413  =  71  thermal  units. 

The  total  loss  of  heat  is  therefore  (153+  170  +  152  +  71  + 
1.1)  =  547  thermal  units. 

The  efficiency  of  the  boiler  would  therefore  be  equal  to 


1413      —      547 
1413 


0.61 


This  would  indicate  a  useful  effect,  equivalent  to  the  evaporation 
of  .61  X  15  =  9.15  pounds  of  water  from  and  at  212°  F.  per  pound 
of  combustible,  or,  if  coal  had  been  used  as  fuel,  an  evaporation  of 
9.15  X  I  =  t*^  pounds  of  water  per  pound  of  coal,  if  the  ashes  and 
refuse  amounted  to  12.5  per  cent,  of  the  amount  of  coal  fed  to  the 
furnace. 

Test  of  meter  under  actual  conditions  of  pressure  and  tempera- 
ture of  feed-water,  determined  that  1.03405  times  actual  reading  of 
meter  gives  true  cubic  feet. 

TABLE  III. 

Analyses  of  Gases  made  during  Boiler  Tests,  September  28th. 


Time  Sample  was  Taken. 

At  Entrance 

to  Furnace. 

At  Exit  from  Furnace  and 
Entrance  to  Chimney. 

Pe 

r  cent,  by  Volumes. 

Per  cent,  by  Volumes. 

o 

O 

d 

11 
c  3 

<D  U 

g=2 
;?;« 

64.3 

72.2 
64.4 
63.7 
60.5 

d 

d 
o 

-d  a 
c  o 

C  OS 
o  o 

10  30  A.M 

6.9 

7.7 
6.9 
6.6 
7.3 

0 

0 
0 
0 
.5 

28.8 

20.1 
28.7 
29.7 
31.7 

11.4 
22.0 
21.3 
18.7 
19.8 

9.0 
0.8 
0.7 
3.4 
.9 

0.0 
3.3 
2.9 
.0 
3.7 

79.6 
73.9 
75.1 
77.9 
75.6 

11.30    "  

5.20  p.M 

6.45    "  

■    8.30    "  

9.45    "  

Average 

7.08 

.10 

27.80 

65.02 

18.64 

2.96 

1.98 

76.42 

*  See  Report  on  Trial  of  Boilers  at  Pacific  Mills,  by  J.  C.  Iloadley,  Vol.  VI. 
Transactions  American  Society  Mechanical  Engineers. 
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From  the  average  of  the  analyses  we  have  the  following  per  cent, 
bv  Moiiiht: 


CO2 

O 

CO 

Nitro2;en 
C  in  CO.. 
C  in  CO. 
Total  C, 


At  Entrnuoc. 

At  Exit. 

10.G9 

26.37 

.11 

3.0.5 

2f).71 

1.78 

62  48 

68.80 

2.92 

7.19 

11.45 

.76 

14.37 

7.95 

Ratio  by  weight  of  gas  at  entrance  to  air  used,  calculated  from 
decrease  in  per  cent,  of  the  total  carbon  and  the  oxygen  as  shown 

by  analysis  =  1.11  =  ^4-. 


HENBEBSON  STEEL. 

BY  ALFRED  F.  BRAINERD,  BIRMINGHAM,  ALA. 

(Birmingham  Meeting,  May,  1888.) 

There  has  been  no  enterprise  undertaken  in  this  and  adjoining 
States  which  has  attracted  so  much  interest,  or  has  been  watched 
so  closely  as  this,  the  first  successful  attempt  to  convert  our  ordinary 
high-phosphoric  pig-iron  into  steel  from  native  material. 

Our  iron-masters  have  noticed  intently  every  attempt  to  convert 
high-phosphorus  pig-irons  into  steel  by  the  Clapp-Griffith  process 
in  this  country,  and  the  basic  process  on  the  Continent,  and  studied 
the  various  patents  aiming  to  accomplish  the  same  purpose,  and  the 
various  litigations  ari.sing  among  various  patentees  over  their  rival 
claims;  but  up  to  August,  1887,  nothing  was  done,  and  no  move 
had  been  made  to  introduce  any  process  for  making  steel. 

At  the  time  above  named,  Mr.  James  Henderson,  of  New  York, 
came  to  this  place  with  a  view  of  introducing  his  patent  furnace  and 
other  metallurgical  processes  and  appliances.  After  some  delay 
and  personal  interviews  between  parties  interested  and  the  inventor, 
a  party  of  gentlemen,  all  of  moderate  means,  and  entirely  unac- 
quainted with  the  manufacture  of  either  steel  or  iron,  decided  to 
form  themselves  into  a  body  corporate,  known  as  the  Henderson 
Steel  and  Manufacturing  Company,  with  a  capital  stock  of  $20,000, 
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half  of  which  was  supposed  to  be  sufficient  to  demonstrate  the  utility 
of  the  Henderson  process. 

An  old  plant,  located  at  Boston,  Massachusetts,  which  had  been 
built  for  the  same  purpose  several  years  before,  was  removed  to  the 
furnace-site  located  at  North  Birmingham,  Alabama,  within  a  pistol- 
shot  of  the  North  Birmingham  furnaces,  a  part  of  the  Sloss  Steel 
and  Iron  Company's  plant,  and  on  a  side-track  of  the  Georgia  Pa- 
cific Bailroad  ;  also  near  the  Bessemer  branch  of  the  Mineral  Rail- 
road, of  the  Louisville  and  Nashville  system,  and  also  at  the  inter- 
section of  Village  Creek  and  the  North  Birmingham  dummy-line, 
and  about  half  way  from  the  city  of  Birmingham  (about  three  miles 
distant)  to  North  Birmingham.  There  is  a  ledge  of  dolomite  or 
magnesian  limestone  running  through  and  cropping  out  on  the  Hen- 
derson Steel  and  Manufacturing  Company's  property  which  has 
been  used  in  building  their  plant  and  also  in  the  metallurgical  opera- 
tion of  the  furnace.  This  stone  was  to  have  been  used  in  the  run- 
ning of  the  North  Birmingham  furnace  and  by  the  original  projec- 
tors of  that  furnace.  The  analysis  is  given  below.  The  capacity 
of  the  plant  is  about  one  and  one-half  tons  per  heat,  and  it  was 
originally  intended  to  make  some  ten  to  twenty  heats  a  day.  Owing 
to  an  unfortunate  gas-explosion  at  the  first  melt,  the  furnace  was  so 
badly  shaken  up  that  it  has  only  been  run  spasmodically,  making 
some  three  to  four  melts  during  the  day,  and  consequently  doing 
nothing  like  its  duty  or  estimated  capacity. 

This  plant  consists  of  a  gas-producer  connected  with  two  small 
engines,  and  by  them  supplied  with  air  through  several  tuyeres. 
This  producer  is  fitted  up  with  a  bell  and  hopper  for  charging  the 
coal  or  any  flux  necessary  for  slagging  off  the  ash  into  cinder,  and 
also  with  a  tap-hole  and  cinder-notch.  It  was  the  intention  of  the 
inventor  to  use  in  the  producer  coal  with  a  large  percentage  of  vola- 
tile matter  and  of  non-coking  quality,  or  to  use  a  "  slack-coal,"  or  a 
coking  coal  with  slate  and  other  impurities  which  would  be  a  cheap 
fuel.  This  idea  was  finally  abandoned,  and  the  best  grade  of  Ca- 
haba  coal  was  used  (analyses  given  below.) 

The  producer  is  connected  with  the  furnace,  which  is  a  small  open- 
hearth,  with  revolving  bottom  and  sand-joint,  and  connects  with  a 
heating  and  melting  furnace,  serving  the  purpose  of  a  cupola  fur- 
nace ;  then  this  is  connected  with  the  masonry  and  boilers,  thence 
into  a  stack,  etc.  There  is  also  a  condenser  to  condense  gases  and 
fumes,  which  answers  as  a  sort  of  dust-chamber.     There  are  also  a 
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rotary  eno;ine  and  very  large  rotary  crusher  used  in  preparing  patent 
bricks  and  botton)  for  furnace. 

In  operating  the  furnace,  after  drying  out  and  heating  uj)  witii 
ordinary  coal,  the  bell  is  let  down,  and  coal  is  discharged  into  the 
hopi^ers;  from  them  it  is  fed  down  and  equally  distributed  into  the 
producer,  wiiere  it  is  ignited  and  burnt.  Air  in  certain  proportions 
is  merged  with  the  gas  after  combustion  has  taken  place  at  the  tuy- 
eres, and  thence  it  passes  along  through  the  open-hearth  furnace  over 
to  the  melting  and  heating-furn.ace,  where  a  lot  of  pig-iron  is  placed. 
Thence  the  gas  passes  under  the  boilers,  thence  into  the  condcnsing- 
chamber,  or  directly  into  the  stack. 

The  iron  being  melted,  the  open-hearth  furnace  is  revolved  around 
until  an  inlet  oix?ning  comes  opposite  the  tapping-hole  of  the  melting- 
furnace,  and  the  charge  is  withdrawn  and  run  into  the  open-hearth 
furnace,  which  is  revolved  around  to  proper  position,  and  then  the 
process  of  dephosphorizing,  desulphurizing  and  decarbonizing  goes 
on.  When,  after  taking  out  a  test-ingot,  the  carbon  has  been  found 
to  be  reduced,  say  from  3  per  cent,  to  0.12  per  cent.,  ferro-manga- 
uese  or  spiegel  is  charged,  and  allowed  to  mix  and  incorporate  itself 
■with  the  mass  of  molten  steel.  When  this  has  taken  place  the  fur- 
nace is  tapped,  and  the  steel  runs  off  into  a  ladle,  whence  it  is  cast 
throuHi  an  orifice  in  the  bottom  into  ingot-moulds,  placed  already  in 
the  casting-pit  during  the  pouring  ;  and  during  the  converting  pro- 
cess a  fresh  lot  of  iron  is  melted  in  the  heating-furnace.  When 
another  melt  is  ready,  the  above  process  is  repeated,  and  so  on,  day 
and  night.  It  is  interesting  to  note,  by  comparison  of  the  analyses 
given  below,  the  changes  in  converting  some  very  poor  white  and 
mottled  iron  into  steel,  both  hard  and  mild,  or  soft  steel.  This  steel 
has  been  tested  physically,  and  has  a  tensile  strength  of  85,000 
pounds  per  square  inch.  It  has  been  successfully  made  into  ham- 
mers, cold-chisels,  jack-knives,  razors,  clocks  and  watch-springs, 
paper-knives  and  medals. 

It  was  the  aim  of  the  inventor  to  use  only  the  poorest  grades  of 
pig-iron  obtainable;  and  after  a  great  deal  of  trouble  some  poor 
enough  to  suit  his  fastidious  taste  was  found,  and  cost  $10  per  ton 
free  on  board  at  furnace. 

The  Company  has  decided  to  increase  its  capital  stock  and  build* 
some  larger  furnaces. 

It  is  not  claimed  that  this  furnace   is  destined  to  supersede  the 


*  A  five-ton  furnace  is  now  (Angust,  1888)  in  process  of  erection,  the  old  furnace 
hiiving  been  torn  down  July  2d,  1888. 
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Bessemer  or  the  basic  process,  but  it  is  especially  adapted  to  our 
ores  and  pig-irons.  Its  relative  cost  we  have  had  no  means  of 
ascertaining,  and  it  is  not  within  the  province  of  this  paper  to  dis- 
cuss, but  it  is  believed  that  it  can  be  made  to  pay  a  profit  to  the 
producer.  Certainly  the  experiments  so  far  have  been  successful 
in  showing  what  can  be  done  with  Alabama  pig-iron. 

The  following  are  the  analyses  of  the  raw  materials  and  products 
of  the  furnace : 

Dolomite  or  Magnesian  Limestone. 

Protoxide  of  iron, 0.3100 

Silica, 4.7500 

Lime  carbonate, 62.4833 

Magnesia  carbonate, 32.4421 

Sulphuric  acid, 0.0065 

Pho.sphoric  acid ,         .  0.0078 

100.0000 

Sulphur, 0.00274 

Phosphorus, 0.00326 

Hard  Red  Ore  from  Ft.  Payne  L.  and  Imp.  Co.,  Ft.  Payne,  Ala. 
(  Used  as  a  reducing  agent  in  the  furnace.) 

Peroxide  of  iron, 51.770 

Silica, 4.690 

Alumina, 1.288 

Lime 22.909 

Magnesia, 0.122 

Binoxide  of  manganese,       ..!.....  0.270 

Sulphuric  acid 0.250 

Phosphoric  acid, 0  831 

Carbonic  acid, 18.060 

Undetermined, .         .         .  0.081 

100.000 

Iron, 36.2.39 

Sulphur, 0.1000 

Phosphorus, 0.3631 

Cahaba  Coal* 

Moisture, 2.24 

Volatile  matter, 34.12 

Fixed  carbon, 60.75    ' 

Ash, 2.41 

Sulphur, 48 

100.00 

*  This  analysis  is  by  J.  B.  Porter  &  Co.,  Cincinnati ;  the  rest  are  bv  the  writer. 


64  HENDERSON    STEEL. 

While  Iron. 

Carbon 2.9778 

Silicon 0.9G05 

Pliosphorus, .         .  0  5781 

Snlpl.ur, 0.3286 

Mottled  Iron. 

Carbon,        2.9626 

Silicon 1-9597 

Phosplionis, 0.6493 

Snlpluir 0.2246 

No.  1   Henderson  Steel. 

Carbon, 0.750 

Silicon, 0.0093 

Phosplionis, 0.0513 

Manganese, Trace. 

No.  2  Henderson  Steel. 

Carbon, 0.200 

Phosphorus, 0.0757 

Manjjtanese, 0.7700 

Discussion. 

A  Member  :  It  seems  to  me  that  the  most  important  part  of  this 
paper  is  the  statement  "  Then  the  proce.ss  of  dephosphorizing,  etc., 
goes  on."     I  should  like  to  know  what  it  is  that  goes  on. 

Mk.  Brainerd  :  I  do  not  profess  to  understand  the  theory  of 
the  process,  nor  did  I  intend  to  state  or  criticize  it  in  the  paper, 
which  is  merely  intended  to  put  on  record  the  analysis  of  the  mate- 
terials,  which  I  made  myself,  and  for  which  lean  vouch.  I  know 
that  out  of  these  pig-irons  these  steels  were  made. 

XoTE  BY  THE  SECRETARY :  After  somc  further  desultory  d  iscussion, 
the  President  of  the  Henderson  Steel  Co.  invited  members  to  visit 
and  examine  the  furnace  for  themselves  ;  and  during  the  Birmingham 
meeting,  a  considerable  number  availed  themselves  of  this  invitation  ; 
but  no  opportunity  presented  itself  for  a  renewal  of  the  di.scussion. 
As  the  incomplete  statement  given  in  the  foregoing  paper  appeared 
to  me  to  be  unsatisfactory  to  Mr.  Henderson,  I  invited  him  to  fur- 
nish a  brief  account  of  the  apparatus  and  process,  which  he  has  done 
as  follows : 

"Tiie  Ileixleison  steel-making  apparatus  consists  of  a  gas-producer,  a  steel-refin- 
ing chamber,  a  i>urifvingchaniber,  an  air-heating  and  boiler  furnace  chamber,  a 
boiler,  and  an  ammonia  refrigerating-chamber  (which  is  to  be  added)  with  two 
small  blowing-engines. 
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"The  gas-producer  is  a  cupola,  lined  with  fire-brick,  with  air-tuveres  around  the 
hearth,  and  a  retort  at  the  top,  closed  with  a  bell-and-hopper.  The  outlet-neck  of 
the  gas-producer  is  tlie  inlet  of  the  steel  refining-chamber,  which  immediately  ad- 
joins it ;  the  outlet-flue  of  the  refining-chamber  is  the  inlet-flue  of  the  pnrifving- 
chamber,  the  outlet-flue  of  which  leads  to  the  air-heating  and  boiler-chamber, 
where  the  heat  of  the  spent  gases  is  mostly  taken  up  in  heating  the  air-blast  for 
burning  the  gases  and  raising  steam. 

"  In  working  the  apparatus,  the  gas-producer  is  always  kept  full  to  the  top  with 
coal  (and  flux  to  scorify  its  ash).  Blast  is  applied  through  the  tuyeres,  and  the 
heat  caused  thereby  produces  destructive  distillation  of  the  coal  in  the  retort  above, 
so  that  by  the  time  the  fnel  reaches  the  bottom  of  the  retort  all  of  its  volatile 
matters  are  given  ofl^and  it  has  become  coke,  which  passes  to  the  tuyeres,  where  it 
meets  the  air,  forced  in  by  one  of  the  piston-blowers  in  exact  measured  C]uantity, 
and  converts  it  to  carbonic  oxide,  while  at  the  same  time  the  flux  keeps  the  fuel 
free  of  ash,  so  that  a  clean  surface  of  coke  is  always  exposed  to  the  air.  This  per- 
mits the  exact  amount  of  gas  produced  to  be  estimated,  so  that  it  can  be  burned 
with  the  exact  amount  of  air  to  be  furnished  by  the  other  blast-engine.  The  ash 
of  the  fuel,  scorified  by  the  flux,  is  tapjied  out  every  three  hours.  Tlie  outlet  flues 
of  the  gas-producer  are  pierced  with  holes  at  their  sides,  near  the  inlet,  to  the 
steel-refining  chamber,  and  a  measured  quantity  of  highly  heated  air  is  forced 
among  the  gases,  insuring  their  perfect  combustion  in  the  flues,  which  they 
leave  in  a  downward  direction  into  the  heating-chamber,  and  im[)inge  upon  the 
hearth.  The  hearth  is  circular,  and  is  movable  laterally  and  revolving,  and  is 
lined  with  a  mixture  of  calcined  dolomite  and  fluor-spar.  The  outlet  of  this 
chamber  conveys  the  burning  gases  into  the  purifying-chamber,  lined  with  sand. 
In  this  chamber  the  pig  metal  is  first  treated  with  iron-ore,  to  remove  half  of  its 
carbon  and  all  of  its  silicon,  and  is  then  tapped  out  and  conveyed  by  an  outside 
runner  to  the  steel-refining  chamber,  where  it  is  purified  of  the  remaining  carbon 
and  its  phosphorus,  and  when  finished  is  tapped  intoaladle  and  poured  into  ingot- 
moulds. 

"It  is  preferred  to  use  molten  iron  from  a  blast-furnace,  poured  into  the  purify- 
ing-chamber, where,  by  the  addition  of  iron-ore,  in  two  hours  half  of  its  carbon  and 
its  silicon  are  removed,  so  that  an  operation  may  be  readily  made  every  three 
hours.  The  refining  of  the  rest  of  the  carbon  and  the  phosphorus  takes  about  the 
same  time,  so  that  8  charges  a  day  become  praticable.  The  partially  purified  iron 
is  treated  in  the  refining-chamber  with  raw  dolomite  (about  100  pounds)  and  50 
pounds  of  fluor-spar  to  a  ton  of  pig-iron  ;  and  such  scrap  as  is  produced  is  charged 
and  melted  with  it.  The  flame,  combined  with  the  dolomite  and  fluor-spar,  removes 
the  carbon,  sulphur,  and  phosphorus  mostly  in  the  form  of  vapor,  which  is  combus- 
tible and  is  burned  in  the  outlet-neck  of  the  refining-chamber  by  air  introduced 
through  the  holes  in  the  roof,  which  also  burns  the  gases  given  ofi'from  the  iron  in 
the  other  chamber,  thereby  insuring  the  requisite  air  for  their  combustion  and 
utilization. 

"  The  purification  of  the  iron  into  steel  may  be  attained  by  the  use  of  flame  alone 
when  combustible  gases  are  supplied  in  the  exact  chemical  proportions  in  which 
they  are  req»iired  for  combustion,  and  brought  together  in  such  a  manner  that  the 
diflTerent  molecules  which  have  to  enter  into  combination  may  readily  do  so.  The 
proper  proportions  of  hydrogen  to  carbonic  oxide  are  one  to  three  by  volume 
respectively.  This  fact  is  utilized  in  this  furnace,  as  the  gases  are  produced  in  a 
measured  quantity  and  burned  with  a  measured  amount  of  highly  heated  air  in 
such  manner  as  to  secure  perfect  admixture  and  combustion  before  they  enter  the 
VOL.  xvn. — 5 
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heatinpclianilitT,  wliioli  iiisiiies  tlie  flame  boinp;  l(omo£;eneoiis.  By  its  itnpinging 
upon  the  iiu-andesccnt  iron  in  the  iieartlis  tlie  vajior  of  water  produced  by  l)urning 
tiie  liydrogen  lieconies  dissociated,  so  tiiat  its  gases  remove  the  pliosphorus,  sulpliur 
and  carbon  as  combustible  vapor,  while  the  silicon  is  oxidized  to  silica  and  becomes 
slag.  From  80  to  DO  per  cent,  of  the  phosphorus  is  vaporized,  and  may  be  re- 
covered by  cooling  the  gas  and  condensing  it  in  water. 

"  A  charge  of  pig-iron,  scrap  and  ore,  nontaining  13.V  jiounds  of  phosphorus, 
treated  in  this  way,  with  the  addition  of  75  pounds  of  dolomite  and  50  pounds  of 
fluor-spar  to  the  charge,  gave  steel  with  0  07  per  cent,  of  phosphorus;  2  pounds  of 
the  phosphorus  went  into  the  slag  and  about  lO-i  pounds  were  vaporized. 

"  The  apparatus  is  also  very  economical  for  niaking  steel  from  iron  that  does  not 
contain  nnich  piiospliorus:  2  cwt.,  3  qrs.  of  coal  suffices  to  make  a  ton  of  steel ;  2 
cwt.,  2  qrs.  of  Republic  ore  adds  i  cwt.  of  metal  to  the  weight  charge,  so  that  a  ton 
of  pig  makes  20]  cwt.  of  steel ;  white  pig-iron  makes  as  good  steel  as  gray :  and  the 
labor  is  but  about  35  cents  per  ton  of  steel  in  a  furnace  of  100  tons  capacity  a  day, 
when  molten  iron  is  used  from  a  blast-furnace,  the  cost  of  conversion  being  about 
$3.00  per  ton. 

"One  part  pig-iron  and  four  parts  of  scrap  are  converted  to  soft  steel  in  2  J  hours, 
so  that  8  melts  can  be  ruade  in  24  hours.  The  same  number  of  charges  are  made 
with  pig,  and  ore  and  10  per  cent  of  scrap,  when  the  two  chambers  are  used  simul- 
taneously. 

"  Cold-blast  white  pig-iron  is  converted  to  malleable  iron  in  the  furnace  in  24 
hours  without  melting,  by  keeping  the  flame  oxidizing  and  just  below  the  point  of 
fusion  of  the  iron.  This  is  advantageous  for  annealing  purposes,  as  but  1  per  cent, 
of  carlion  is  removed  in  8  hours. 

"  Pig-iron  containing  3^  per  cent,  of  phosphorus  produces  steel  containing  0.05 
per  cent,  of  jihosphoru-s,  with  80  to  90  per  cent,  of  tlie  balance  of  the  phosphorus 
reduced  to  vapor  and  condensed,  and  recovered  for  fertilizing  uses  for  which  it  will 
sell  for  more  than  the  pig-iron. 

"  The  analysis  of  the  coal  pig-iron  and  dolomite  employed,  and  the  steel  made  at 
Birmingham,  are  given  in  Mr.  Brainerd's  paper." 


A  WATEB-MANOMETEB  AXD  ANE3I0METEE. 

BY  J.    M.    SILLIMAN,   LAFAYETTE  COLLEGE,   EASTON,    PA. 
(Birmingham  Meeting,  May,  1888.) 

Several  year.s  ago,  having  occasion  to  Heterinine  the  aniotint  of 
.some  very  slight  atinosplieric  depressions,  I  devised  and  liad  con- 
structed by  a  skilful  tinsmith  the  manometer  shown  in  the  accom- 
panying drawing. 

It  consists  of  a  cylindrical  vessel  of  tin,  6.6  inches  in  diameter, 
through  the  sides  of  which,  at  a  distance  of  about  six  inches  from 
the  top,  pas.ses  an  air-tube  D,  its  upper  extremity  terminating  3.5 
Indies   from   tiie  top.     Within  the  vessel  is  a  combined  cylindrical 
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bell  and  float.  The  bell  has  a  diameter  of  5.7  inches.  The  stem  is 
a  small  brass  rod,  securely  fastened  to  the  top  of  tlie  bell,  through 
which  it  ))asses  at  A,  and  is  graduated  from  this  point  u])\vards  into 
inches  and  tenths,  the  reading  of  which  is  taken  on  the  upturned 
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Scale  i. 


edge  of  the  hole  in  the  cover  C  C,  through  which  the  rod  freely 
passes.  This  rod  continues  through  the  float  F,  to  the  bottom  of 
the  receptacle  for  ballast  B.  For  the  sides  of  the  drum  a  thin  sheet 
of  tin  was  selected.  The  lid  C  C  is  perforated  with  holes  for  the 
admission  of  air  above  the  bell.  Hooks  are  symmetrically  placed 
inside  the  top  of  the  bell  on  which  pendants  may  be  hung  when  it 
is  desired  to  modify  the  action  of  the  float.  The  pan  at  M,  for 
weights,  is  provided  with  a  socket  at  its  bottom  which  holds  it  in 
place  on  the  end  of  the  rod. 

The  weight  of  the  bell  and  attachments  =  269.320  grammes,  and 
the  weight  of  the  ballast  to  keep  it  upright  and  sink  it  to  the 
required  level  =  368.544  grammes.  The  total  floating  weight  = 
637.864  grammes. 

In  adjusting  the  manometer  for  use,  it  must  be  placed  in  a  vertical 
position,  and  filled  with  water  to  within  a  short  distance  of  the  top  of 
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the  :iii-tiil)o  D;  the  bell  should  then  be  introduced,  and,  as  its 
attachments  become  submerged,  the  water  will  rise  and  flow  out  of 
this  tube.  In  this  way  a  uniform  water-level  is  attained  for  all 
observations.  Suflicient  ballast  must  be  placed  in  the  receptacle  at 
the  lower  extremity  to  submerge  the  lower  edge  of  the  bell.  Small 
shot  are  very  convenient  ibr  this  pur|U)^e,  as  a  delicate  adjustment  is 
necessary.  The  cover  is  ])laccd  in  j)osition,  the  upper  weight-pan 
slipped  on  the  end  ot"  the  stem,  and  the  air-tube  connected  with  the 
space,  the  depression  of  which  is  to  be  measured. 

The  principles  involved   in  determining  the  depression  with  this 
instiunicnt  are  as  follows: 

r       =  radius  of  section  of  vessel. 

r'      =  radius  of  section  of  bell  to  its  inner  surface. 

r"     =  radius  of  section  of  stem. 

r'"    =  radius  of  section  of  air-tube. 

r""  =^  radius  of  section  of  bell  to  its  outer  surface. 

a       =  area  of  the  section  of  the  vessel. 

a'      =  area  of  the  section  of  the  bell  to  inner  surface. 

a"    =  area  of  the  section  of  the  stem. 

a'"   =  area  of  the  section  of  the  air-tube. 

/•        =  mean  length  of  rim  of  bell. 

t        =  thickness  of  rim  of  bell. 

It       r=  area  of  section  of  sides  of  bell. 

If  pendants  are  placed  inside  the  bell  the  area  of  their  sec- 
tion should  be  included  in  a",  but  if  placed  outside 
they  should  be  included  in  It. 

let  A:=  amount  of  depression  measured  in  distilled  water  at  39.1  F. 

A'      =  depression  measured  by  the  water  in  the  manometer. 

71       z^  distance  the  bell  and  stem  will  be  immersed  by  depression  h'. 

h"  =  distance  the  w-ater  outside  the  bell  sinks  under  the  depres- 
sion li' . 

h       =  increased  height  of  water  from  displacement  by  immersion. 

n'      =  distance  the  float  will  sink  under  depression  h' . 

w      =  weight  of  a  unit  volume  of  distilled  water  at  39.1  F. 

w'     =  weight  of  a  unit  volume  of  the  water  in  the  manometer. 

n"  =  distance  which  a  weight  iv'  h'  {a' — a"),  placed  on  the  upper 
pan  of  the  float,  will  cause  it  to  sink. 

g  =  number  of  grammes  required  on  the  float  to  sink  it  a  unit's 
distance  in  distilled  water  at  39.1  F. 

g'  =  number  of  grammes  required  to  sink  it  the  same  distance  in 
the  water  or  other  fluid  used  in  the  manometer. 


A    WATER-MAXOMETER    AXD    ANEMOMETER.  69 

The  units  taken  are  inches,  square  inches  and  grammes;  or  milli- 
meters, square  millimeters  and  grammes. 

We  will  now  have  n  {lt-\-a")  lo'  =  weight  of  water  displaced  by 
bell  and  stem  when  immersion  increases  n  units  distance;  and 
w'  (a'  —  a"')h'  =  the  force  or  weight  of  water  causing  submergence. 
Hence, 

n{lt+a")w'  =  w'{a'—a")h', (1) 

or 

-=w+^''' (^' 

Independent  of  the  general  rise  of  water  in  the  vessel  from  in- 
creased immersion  of  bell  and  stem  due  to  the  depression  of  the  air, 
we  would  have  under  a  given  depression  h' ,  the  distance  the  sur- 
face of  the  water  outside  the  bell  sinks  below  the  original  level,  is 
to  the  distance  it  rises  inside  the  bell  above  the  original  level,  as  the 
area  of  the  base  of  the  column  of  water  inside  the  bell  is  to  the  area 
of  water-column  outside  the  bell.     Hence, 

h":h'  —  h"::a'  —  a''—a'^':a  —  h  —  a',      .         .         ,         .     (3) 
or 

„/ „// „/// 

h''  =  — - - h' r4). 

The  general  rise  of  water-level  due  to  immersion  is  equal  to  the 
volume  of  water  displaced  divided  by  its  base;  but  since  the  rise  in 
the  general  level  of  the  water  adds  to  the  immersion  of  the  rim  and 
stem,  the  base  of  the  body  of  water  must  be  taken  equal  to  a  — 
a'".     Hence, 


The  total  distance  the  float  will  sink  under  the  depression  h' 
equals  the  distance  the  bell  is  immersed  under  this  depression,  plus 
the  sinking  of  the  water-level  outside  the  bell,  minus  tlie  rise  in  the 
general  water-level  due  to  displacement.     Hence, 

Noting  then  the  distance  n'  which  the  float  sinks  under  a  depres- 
sion, the  equivalent  in  head  of  water  employed  in  the  manometer 
will  be 

J,, ^ •         ...     (7) 

U^a"   '^a  —  lt  —  a"—a'"         a  — a'" 
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If  now  tlio  interior  of  the  hell  is  put  in  oonneetion  with  the  outer 
air,  and  a  weiii;ht  equal  to  Ji'  w'  [a'  —  a")  be  j)laced  on  the  ui)j)er  pan, 
it  will  (lisj)lace  a  volume  of  water  equal  to  h'  [a'  —  a")  in  sinking  a 
distance 

n'^=n-k  =  -l^X-'^^^^^^'-;rJ^'  h^,        ...     (8) 
It  -\-  a"  a  —  a'^' 

whence, 

"   -   aT^HZr    ^  a -II -a" -a'"  " ^^^ 

From  (8)  we  can  also  obtain  the  relation  between  n"  and  n,  which 
is  independent  of /i'. 

n"  = 71 flO) 


From  equations  (7)  and  (9)  by  eliminating  hJ  we  obtain  the  ratio 
between  7i',  the  distance  through  which  the  float  sinks  under  any 
depression,  and  n",  the  distance  it  sinks  when  a  weight  equal  to  the 
force  of  this  depression  is  placed  on  the  upper  pan,  or 

a'  — a''       a~ll  —  a"  —  a"' 
y/  ^  /<  +  a" ft  —  n'" n'.     .         •  (11) 


— + 


h-\-ix"       a  — It  —  a"  —  a'"       a  —  a"^ 

By  noting  the  distance  n'  the  float  sinks  nnder  any  depression, 
then  connecting  the  bell  with  the  outer  air  and  placing  weights  on  the 
stem  to  sink  it  the  distance  n",  determined  by  this  equation,  we 
have  the  measure  of  the  total  force  of  depression  in  grammes,  from 
which  we  readily  obtain  the  pressure  in  grammes  per  unit  of  surface, 
or  in  the  head  of  water  of  the  standard  density.  This,  being  inde- 
pendent both  of  A'  and  lo',  gives  us  the  means  of  obtaining  the  force 
of  depression  directly  without  determining  the  specific  gravity  of 
the  fluid  in  the  manometer. 

After  the  experimental  determination  oi  It  by  the  method  soon  to 
be  described,  this  instrument  can  be  used  as  a  hydrometer;  since 
the  specific  gravity  of  the  water  in  the  manometer  would  equal  the 
quotient  obtained  by  dividing  the  weight  required  on  the  float  to 
sink  it  a  unit's  distance  by  the  weight  which  would  be  required 
to  sink  it  the  same  distance  in  water  of  the  standard  density. 
Let  ^'  equal  the  weight  required  to  sink  the  stem  a  unit's  distance, 
then  n"  <j'  would   be   the  expression   for  the  entire  weight  as  an 
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equivalent  for  the  force  of  depression.     From  this  we  can  obtain  the 
expression  for  head  in  distilled  water  at  39.1  F. 


g'  n"  w 


(12) 


k 

= 

.7537 

h\ 

n' 

= 

97.484 

h'. 

¥ 

= 

.01025 

n'. 

n" 

= 

96.7363 

¥. 

W 

= 

.01033 

n". 

n" 

= 

.9923 

«/. 

9' 

= 

4.300    grammes, 

Or,  if  we  had  first  obtained  A',  we  would  have  for  corresponding 
values  of  h : 

h  =  ^¥  =  S^  ¥ (13) 

w  g 

In  the  manometer  described  we  have,  when  there  are  no  pendants, 

a  =  34.21      square  indies. 

a'  =  25.5        square  inches. 

a^'  =      .0154  square  inches. 

¥^^  =      A        square  inches. 

It  =      .246    square  inches. 

n  =  97.49      ¥. 

¥'  =      .7477  ¥. 

When  a  thin  sheet  of  metal  is  used  for  the  sides  of  the  bell  a 
slight  error  in  the  estimation  of  its  thickness  t  will  be  so  greatly 
multiplied  in  obtaining  It  as  to  render  the  instrument  unfit  for  accu- 
rate observations.  There  is  also  a  slight  increase  in  If,  due  to  over- 
lapping at  the  line  of  junction  up  the  side.  The  exact  mean  area  It 
and  thickness  of  the  metal  can,  however,  be  determined  as  follows: 

Ascertain  by  a  pignometer  the  specific  gravity  of  the  water  used 
in  the  manometer;  adjust  the  ballast  so  the  float  will  be  held  near 
the  zero  point  on  the  scale ;  place  weights  on  the  pan,  causing  it  to 
sink  a  considerable  distance;  note  this  distance  and  the  weight 
required,  and  determine  the  number  of  grammes  required  to  sink  a 
unit's  distance.  This,  divided  by  the  weight  of  a  unit  volume  of 
the  water,  will  equal  the  area  of  the  cross-section  of  the  stem  and 
sides  of  the  bell.     We  will  thus  have 

t  =    -2_  —  — -  or,  if  no  stem  t  =:  -^ (14) 

w' I  I  w' I 

If  there  are  any  irregularities  in  the  thickness,  these  will  be  de- 
tected by  this  method,  and  corrections  can  be  made  for  them. 

The  tension  on  the  surface  of  the  water  along  its  lines  of  contact 
with  the  surfaces  of  the  bell  was  so  great  and  so  irregular  as  to 
render  accurate  determinations  impossible.  To  overcome  this,  these 
surfaces  were  roughened  by  rubbing  them  in  a  longitudinal  direc- 
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tion  with  fine  emery  paper.  This  was  fcMuul  to  make  the  tension 
far  more  miiform,  atul  to  greatly  diminish  it.  This  advantage  was 
still  more  evident  when  the  hell  was  wet  ah(tve  the  surfaee-line  of 
contact.  The  water  then  spreads  over  the  wet  snrface  and  the  ten- 
sion is  praetically  reduced  to  zero.  This  condition  is  recpiired,  in 
order  to  obtain  the  delicate  results  given  below. 

In  order  to  test  these  resistances,  and  to  ascertain  with  what  degree 
of  accuracy  the  float  would  adjust  itself  under  any  given  depression 
or  weight,  one  of  the  arms  of  a  delicate  balance  was  extended  to  five 
times  its  length  by  a  very  light  strip  of  wood,  the  outer  extremity 
of  which  passed  over  a  finely  divided  scale.  The  instrument  was 
placed  under  one  of  the  pans  of  the  scale,  and  a  light  weight, 
partly  supported  by  a  fine  wire  from  the  arm,  rested  on  the  upper 
pan  of  the  manometer,  and,  being  partly  supported  by  the  float, 
niove<l  u]i  and  down  with  it,  communicating  its  motion  to  the  beam 
of  the  scales.  The  movement  was  read  oif  on  the  divided  scale  at 
the  end  of  the  extended  beam  where  the  motion  was  amplifie<l  five- 
fold. 

Tiie  surface-tension  after  roughening  and  wetting  is  so  slight  that 
20  milligrammes  will  promptly  move  the  float,  overcoming  the  slight 
tension  of  a  surface-line  of  36  inches,  and  the  inertia  of  the  float, 
weighing  637.864  milligrammes,  and  record  its  motion  at  the  end  of 
the  extended  scale-beam.  If  10  milligrammes  be  added  to  a  weight  of 
20  milligrammes  or  more,  it  will  manifest  itself  by  additional  space. 

The  responses  of  the  float  to  the  weights  of  20  milligrammes  and 
10  milligrammes  prove  that  under  a  delicate  test  it  will  adjust  itself 
to  within  less  than  j  1 5th  of  an  inch  from  a  state  of  rest,  and  to  within 
;j^^th  of  an  inch  while  in  motion;  or,  in  the  first  instance,  to  within 
— ^-— th  of  an  inch  of  water,  and  in  the  second  to  within  ^^^^(jth  of  an 
inch. 

In  the  ordinary  working  of  the  instrument  without  any  ampli- 
fying attachment,  it  is  perfectly  reliable  to  within  J^t'^  ^^  ^"  inch, 
indicating  about  :7o'^th  of  an  inch  of  water. 

If  a  manometer  of  this  kind  should  be  made  without  an  immersed 
stem  or  inside  pendants,  the  preceding  equations  would  be  simpli- 
fied by  the  elimination  of  a".     Equation  (7)  would  then  become 

A/= "^ (15) 


It     '    a  —  U  —  a'''       a  — a"' 

Mriking  ^'  =:  — ■  ,  we  would  have 
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It    '    a  —  U—a^''        a  — a''' 


a'  j^      a'  —  a'  -^  ,     . 


By  assuming  values  for  a,  a'  and  a'"  and  solving  for  It,  tlie  area 
of  the  base  of  the  rim  of  the  bell,  we  will  have 

^^^  a  a"'  —  g^^^^  +  «  a'  —  a' a'"  +  ca^  —  2ca  a'"  —  c a"'"^  ^ 
2(a' +  ca  — ca^^O  ~ 

Determining  this  area,  we  would  have  the  following  expression  for 
the  radius  to  the  outer  surface  of  the  bell: 

,,/„_^[<^^,, _    ^^3^ 

also 

l=~{r"''  -^r'\^x\dt=r''''  —  r' (19) 

The  above  determination  of /i  is  long  and  complicate]. 

It  is  generally  practicable,  however,  to  so  proportion  the  mano- 
meter as  to  cause  the  rise  in  the  general  water-level,  by  immersion, 
to  exactly  counteract  the  sinking  of  the  surface  outside  the  bell  from 
the  depression  of  the  air ;  that  is  to  make 


a  —  U—a''^        a— a'''' 


h^'-k,-r      "r"..,,=  -^-777 (20) 


If  in  this  equation  we  should  assume  values  for  a,  a'  and  It,  and 
make 

a^^^  =  l±^-a^U+^    , (21) 

or,  assuming  values  for  a',  a'"  and  It,  and  place 

«  =  «'"+  -^^ (22) 

we  would  in  either  case  have  the  proportion 

n'  :  h^  : :  a'  :  It (23) 

With   this  condition  we  would   also    have  n  =  n\     Assuming 
either  a'  or  It  and  the  ratio  between  n'  and  h',  we  would  have 

U=  ^-a',ova'  =  %U r24) 
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In  (lesigninj2j  a  inanoineter  for  any  desired  range  and  accuracy,  it 
would  generally  be  preferable  to  assume  values  for  a,  a'  and  It, 
and  determine  a'"  from  equation  (jil).  The  negative  value  of  the 
radical  is  the  only  one  generally  available  when  the  thickness  of  the 
sides  of  the  bell  is  slight.  When  it  is  impracticable  to  make  h"  ^=  k, 
equations  (24)  will  still  ordinarily  give  a  close  approximation  for  It 
or  a'  for  any  desired  ratio  between  n'  and  h'. 

Substituting  this  with  the  values  for  the  other  areas  in  equation 
(15),  the  exact  ratio  can  readily  be  determined.  When  it  is  desired 
to  determine  pressure  with  this  instrument,  instead  of  depression, 
weights  can  be  placed  on  the  upper  pan  and  the  pressure  determined 
by  formulae  already  given. 

One  defect  of  the  instrument  in  the  form  described  is  its  very 
limited  range.  If  the  float  should  be  made  in  the  form  of  a  ring, 
with  ballast  at  its  lower  circumference,  and  the  air-tube  passing 
down  through  the  center,  its  range  would  be  increased. 

The  range  of  this  instrument,  if  properly  proportioned,  can  be 
greatly  increased  by  use  of  weights  on  the  upper  pan.  Diminish 
the  ballast  and  place  weights  on  the  upper  pan  to  sink  the  float  to 
the  required  initial  position  on  the  scale.  Then,  making  connec- 
tion with  the  space,  the  depression  of  which  is  required,  remove 
what  weights  may  be  necessary  to  the  free  movement  of  the  float. 
The  weight  removed  from  the  pan  divided  by  that  required  to  sink 
the  float  a  unit's  distance  will  give  the  distance  through  which  this 
weight  would  sink  the  float.  Adding  to  this  distance  the  space 
below  the  initial  point  passed  over  by  the  float  under  the  depression, 
and  we  will  have  the  total  space  due  to  this  depression. 

w"   =  number  of  grammes  required  on  the  float  to  sink  it  to  the 

initial  point, 
it'"'  =  weight  remaining  on  the  float  to  permit  its  free  movement 

under  the  depression  h'. 
g'     =  weight  required  to  sink  the  float  a  unit's  distance. 
n"^  =  the  distance  the  depression  sints  the  float  below  the  initial 

point. 

We  would  then  have 

7 —   +«'''' 


.    (25) 


U        1^        u    —  u 

It        a  —  It  —  a'' 
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If  the  weights  employed  for  this  purpose  were  each  equal  to  that 
required  to  sink  the  bell  through  the  extent  of  its  possible  move- 
ment, they  could  be  quickly  adjusted  to  measure  any  depression. 

A  manometer  might  be  constructed,  identical  in  the  principles  of 
its  action  with  that  already  described,  by  suspending  the  bell  by  a 
thread  passing  over  a  pulley  and  supporting  a  counterbalancing 
weight.  The  frif^tion  of  the  pulley  can  be  greatly  reduced  by  adding 
a  float  ring  to  the  lower  end  of  the  bell,  of  such  buoyancy  that  the 
weight  to  be  supported  by  the  thread  would  be  only  that  required 
to  keep  the  bell  in  a  vertical  position.  The  maximum  stability 
would  be  obtained  by  making  the  float  surround  the  exterior  of  the 
bell.  A  graduated  circle  of  a  radius  four  or  five  times  that  of  the 
pulley  might  be  secured  to  the  axis  of  the  pulley  to  amplify  the 
motion  of  the  bell.  The  range  of  this  form  of  instrument  can  be 
increased  by  use  of  weights  just  described  for  the  floating  bell ;  but  in 
this  case  these  weights  would  be  applied  to  directly  counterbalance 
the  force  of  depression. 

The  area  It  for  any  desired  result  may  be  comprised  in  the  sec- 
tion of  the  sides  of  the  bell,  or  it  may  be  composed  of  this  area 
and  that  of  the  cross-section  of  outside  pendants.  Each  of  these  has 
its  advantages  and  disadvantages  as  compared  with  the  other. 

The  first  might  require  a  specially  prepared  plate  for  the  bell; 
but  increasing  its  thickness  would  add  to  its  surface-line  of  contact 
very  much  less  than  where  pendants  are  used.  On  the  other  hand, 
any  desired  area  for  It  can  be  readily  obtained  with  pendants,  and 
these  can  be  removed  when  very  delicate  tests  are  required  for  slight 
depressions. 

This  instrument,  when  connected  with  the  Pitot  tube,  can  also 
be  used  as  an  anemometer,  not  only  as  a  fixture,  as  in  the  Hagemann 
instrument,  but,  with  the  floating  bell,  as  a  portable  one;  and 
probably  more  accurate  and  delicate  determinations  could  be  made 
"with  it  than  with  the  vane  anemometer,  though  the  latter  is  the  more 
convenient  instrument  for  use  in  the  mines. 

From  the  principles  given,  it  will  be  seen  that  manometers  of  this 
form  may  be  readily  constructed,  in  which  the  movement  of  the 
bell  may  have  any  desired  relation,  from  one-thousandth  to  one 
thousand  times  the  head  of  water.  If  mercury  is  used,  a  very 
sensitive  barometer  can  be  constructed  on  similar  principles. 

In  designing  a  manometer  we  should  have  to  consider : 

First.  The  extent  of  the  movement  of  the  bell,  which  would  deter- 
mine the  height  of  the  apparatus. 
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Second.  The  force  with  which  it  shall  adjust  itself  to  within,  say, 
one-thousandth  of  an  inch  of  water;  this  force  to  he  slightly  in  excess 
of  the  resistance  from  tension  at  surface-line  of  contact  with  the 
water  and  from  the  amplityini>;  attachment.  This  would  determine 
the  area  a'  of  the  top  of  the  bell. 

Third.  The  range  in  head  of  water  to  be  determined  by  the 
instrument,  which  would  fix  the  area  ft  of  the  rim  of  the  bell. 

The  instrument  as  illustrated  should  be  modified  by  changing  the 
form  of  the  float  and  position  of  the  air-tube,  as  already  indicated; 
by  providing  overflow  tubes  connected  with  the  exterior  of  the  bell, 
or  arranging  for  the  overflow  over  the  top;  and  by  adding  screw- 
legs  for  convenient  adjustment  to  a  vertical  position. 

In  Hagemann's  anemometer,  described  in  the '' Journal  of  the 
Franklin  Institute,"  vol.  cxxiv,  page  185,  the  bell  is  suspended  by 
a  wire  attached  to  a  spiral  spring,  and  equal  spaces  passed  over  by  a 
pointer  fixed  to  this  wire  are  taken  to  indicate  equal  increase  or 
diminution  of  depression.  There  are  two  errors  involved  in  this 
estimation  of  the  depression. 

First.  The  spaces  passed  over  by  the  lower  extremity  of  a  sus- 
pended spiral  spring  are  not  in  exact  proportion  to  the  weights 
upon  it. 

Second.  The  force  of  depression  acting  upon  the  S[)ring  is  not 
in  proportion  to  the  depression  itself,  nor  to  the  actual  elongation  of 
the  spring  under  weights  corresponding  with  this  depression.  There 
would  be  a  constant  change  in  the  ratio  between  the  sinking  of  the 
water-level  outside  the  bell  and  the  rise  of  level  within  the  bell. 

In  the  instrument  under  consideration,  so  far  as  its  parts  can  be 
determined  from  the  drawing,  and  with  an  assumed  thickness  of  .33 
millimeters  for  the  sides  of  the  bell,  in  sinking  10  millimeters  it 
would  at  its  lower  limit  displace  about  .9  grammes  more  water 
than  when  in  its  upper  position.  In  other  words,  it  would  require 
about  .9  grammes  additional  weight  on  the  spring  to  carry  the 
pointer  through  the  10  spaces  indicating  the  10  millimeters  depres- 
sion. With  such  an  instrument  the  error  would  vary  with  the  rela- 
tion between  the  parts,  and  would  increase  with  the  space  passed  over. 

Both  this  instrument  with  the  spring,  and  the  manometer  after 
the  pattern  of  the  letter-balance  recommended  by  Mr.  Hagemann, 
require  for  accurate  reading  the  difficult  construction  of  scales  of 
unequal  parts.  In  tlie  latter  instrument  the  lever-arm  of  the  force 
is  constant,  while  that  of  the  resistance  varies  as  the  sine  of  the  angle 
between  a  vertical  line  and  the  arm  carrying  the  weight. 
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NOTE  ON  ABSENIC  DETEBMIN ATION. 

BY  R.  C.    CANBY,  LEADVILLE,  COLO. 

(Birmingham  Meeting,  May,  1888.) 

The  difficulty  of  exact  neutralization  by  ammonia  of  the  acid 
solution  obtained  in  the  determination  of  ar.-enic  by  the  method  of 
fusion  with  carbonate  of  soda  and  nitrate  of  potassium,  led  me  to 
try  the  effect  of  neutralization  by  oxide  of  zinc.  I  obtained  most 
satisfactory  results,  and  found  a  great  saving  of  time.  The  oxide 
of  zinc  being  added  in  excess,  there  is  no  delicate  testing  with  lit- 
mus paper  and  tedious  alternate  adding  of  dilute  ammonia  and  acid 
until  the  proper  point  is  reached.  The  excess  of  oxide  of  zinc,  too, 
seems  to  hold,  from  the  filter,  the  gelatinous  silica  and  alumina, 
which  are  usually  precipitated  upon  neutralization,  and  thus  to  render 
the  washing  of  the  j)recipitated  arseniate  of  silver  almost  invariably 
much  more  rapid. 

Except  the  substitution  of  the  neutralization  by  oxide  of  zinc  for 
the  more  tedious  method  by  ammonia,  the  details  of  the  process  are 
practically  the  same  as  those  published  by  Mr.  Richard  Pearce,  of 
Argo,  Colorado  [Proceedings  of  the  Colorado  Scientific  Society,  vol. 
i.),  who  shows  what  very  accurate  results  can  be  obtained  by  the 
fusion  process.  I  have  made  numerous  tests  of  comparison  between 
the  two  methods  of  neutralization,  and  find  that  those  by  the  oxide 
of  zinc  agree  almost  exactly  with  the  old  method. 

Increasing  the  quantity  of  nitric  acid,  even  to  considerable  excess, 
to  be  neutralized  by  the  oxide  of  zinc  did  not  affect  the  precipitation 
of  arseniate  of  silver. 

The  process  may  be  outlined  as  follows  : 

Take.  J  to  1  gramme  finely  pulverized  ore,  and  mix  in  a  porcelain 
crucible  with  eight  to  ten  times  its  weight  of  a  mixture  of  equal 
parts  of  carbonate  of  soda  and  nitrate  of  potassium  (Kerl.  Metallur- 
gische  Probirkunst  gives  4  to  5  nitre  to  1|  soda).  Gradually  bring 
to  fusion  and  keep  so,  three  to  five  minutes.  Cool.  Disintegrate 
in  hot  water.  Filter  and  wash  with  hot  water.  Acidify  the  filtrate 
with  nitric  acid,  and  boil  to  expel  carbonic  acid  and  nitrous  fumes. 
Cool.  Add  an  excess  of  an  emulsion  of  oxide  of  zinc.  The  bottom 
of  the  beaker  should  have  quite  a  layer  of  oxide  of  zinc,  after  stir- 
rino-. 
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Should  an  nmisiiallv  lioavv  preoipitate  of  gelatinous  silica  or 
alumina  be  formed  upon  adding;  the  oxide  of  zinc,  it  is  well  tofilterbe- 
forc  precipitating;  the  arseniate  of  silver  ;  in  which  case  add  additional 
oxide  of  zinc  to  the  filtrate  before  adding;  the  nitrate  of  silver,  espe- 
cially if  the  percentag;e  of  arsenic  is  liable  to  be  g;reat. 

Add  nitrate  of  silver  in  slig;ht  excess  and  stir  vigorously.  Filter 
and  wash  with  cold  water  until  the  filtrate  (wash-water)  shows  no 
silver.  Dissolve,  on  the  filter,  the  arseniate  of  silver  together  with 
the  oxide  of  zinc  in  hot  dilute  nitric  acid,  allowing  the  filtrate  to 
pass  into  a  beaker  free  from  chlorine.  Cool.  Add  1  c.c.  ferric  sul- 
phate. Titrate  with  a  standardized  solution  of  ammonium  sulpho- 
cyanide  to  a  j)ale  amber  yellow,  the  same  shade  of  color  obtained 
in  standardizing.     108  Ag  =  25  As. 


CALCULATIONS  OF  THE  AVAILABLE  HEAT  AND  THE  BE 

QUIRED  DIMEX^^IONS  OF  CHIMNEYS,  COMBUSTION 

CHAMBERS.  AND  GAS  BUBNEES  IN  THE 

USE  OF  BLAST-FUBNACE  GASES 

FOB  FIRING  BOILERS. 

BY  FRANK  C.  ROBERTS,  C.E.,    PniLADELPHIA,  PA. 

Neglecting  the  hydrogen  and  hydrocarbons,  I  will  assume  the 
following  analysis  as  a  fair  average  composition,  by  weight,  of  the 
waste  gases  escaping  from  a  coke-burning  blast-furnace: 

CO., 17.'2o 

CO, 25.20 

N 57.')0 

100.00 

The  25.25  CO  requires  for  combustion  62.6  of  air,  or  1 4.398  of 
oxygen,  necessitating  the  pa.ssage  of  48.202  nitrogen  into  the  pro- 
ducts of  combustion.  The  latter,  therefore,  have  the  following 
composition : 

COj, 56.9 

N, 105.7 

The  total  specific  heats  of  these  quantities  of  the  respective  gases 
are  12.31  and  25.79,  giving  for  the  combined  product,  88.1  approxi- 
mately.     That    is,  the    product   of  combustion  will    absorb    38.1 
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calories  in  rising  1°  in  temperature.     The  combustion  of  the  25.25 

CO  produces 

25.25     X     2400     =     60600 

calories,  and  consequently  the  resulting  temperature  of  combus- 
tion is 

^^^    =     1590.5°  C.    ^    2894.9°  F. 
38.1 

The  foregoing  deduction  depends  upon  the  burning  of  the  CO  by 
the  theoretical  quantity  of  air,  or  2.48  units  per  unit  of  weight. 
There  is,  however,  always  a  considerable  excess  of  air,  over  and 
above  the  theoretical  quantity,  required  for  the  dilution  of  the  gases. 
This  may  be  taken  at  20  per  cent,  of  the  theoretical  quantity.  On 
this  basis  we  have  the  following  composition  of  the  products  of 
combustion  : 

COj 56.9 

N, 105.7 

Air, 12.5 

175.1 

or  1.75  units  for  each  unit  of  gas.  The  total  specific  heats  for  these 
quantities  are,  respectively,  12.31,  25.79,  and  2.97,  giving  the  com- 
bined  product,  41.07.     The   resulting    temperature,  computed    as 

before,  is 

1475.5°  C.     =     2687.9°  F. 

Carrying  the  calculation  still  further,  if  we  assume  the  air  and 
gas  to  have,  respectively,  temperatures  of  15.5°  and  100^  Centi- 
grade,* on  entering  the  burners,  the  resulting  heat  of  combustion  is 
increased  as  follows : 

17.25  CO2  X  .2164  X  100  =  373  calories. 

25.25  CO  X  .2479  X  100  =  620.5        " 

57.0O  N  X  .2440  X  100  =  1403.  " 

85.00  Air  X  .2377  X  15*  =  303.1        " 

Total  increase  due  to  initial  temperature.*, .  2699.6    calories. 
The  total  available  heat  of  combustion  now  being 

60600      +      2699.6     1.41  2°  C.    =    2774 16°  F. 
41.07 

I  will  now  proceed  to  determine  the  least  area  of  chimney-stack 
required  for  the  eifectual  consumption  of  blast-furnace  waste  gases, 

*  60°  and  212°  F. 
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the  least  sectional   area  of  the  combustion-chamber,  and   the  least 
sectional  areas  of  the  t>as-  and  air-oj)enini][s  in  the  gas-burners. 

Owing  to  the  peculiar  conditions  of  each  and  every  application  of 
blast-furnace  gases,  due  primarily  to  their  varied  composition,  it  is 
impossible  to  arrive  at  residts  which  wouhl  be  generally  applicable. 
The  best  that  can  be  done  is  to  indicate  the  method  by  which  a  cor- 
rect result  for  an  indiviilual  application  may  be  obtained,  and  to 
determine,  upon  certain  assumed  general  conditions,  the  least  sec- 
tional areas  which  may  be  economically  employed. 

Sectional  Area  of  Chimney. 

It  is  well  known  that  the  head  produced  by  a  chimney  draught  is 
equal  to  the  excess  of  the  weight  of  a  column  of  air  outside  and 
equal  to  the  height  of  the  chimney  over  a  similar  column  of  hot 
gas  within  the  chimney. 

If  H^i\\Q  height  of  the  chimney,  A  =  the  head  produced  in 
feet  of  hot  gas,  t  =  the  absolute  temperature  of  the  gas  within  the 
chimney,  and  ^2  =  the  absolute  temperature  of  the  external  air,  we 
have 

A    -=     17"  (   0.96     -1     _     iV  (1) 

As  a  fair  average,  and  on  the  basis  of  heat  units,  it  requires  2.412 
pounds  of  waste  gas,  of  the  composition  already  given,  per  square 
foot  of  boiler  heating  surflice  per  hour.  Taking  11  square  feet  of 
heating  surtace  per  horse-power,  we  have  26.53  pounds  of  gas  per 
horse-power  per  hour.  This  gas  requires  for  combustion  22.55 
pounds  of  air,  and  the  products  of  combustion,  as  previously  deduced, 
are  equal  to  46.45  pounds.  Hydrogen  being  present  in  such 
small  quantities,  and  the  variations  in  density  due  to  the  deviations 
in  pressure  of  the  gases  from  atmospheric  pressure  being  so  slight, 
we  may  assume  the  volume  of  gases  and  the  products  of  combustion 
as  being  equal,  at  32°  F.,  to  12|  cubic  feet  per  pound.  Therefore 
the  volume  at  32°  F.  of  the  products  of  combustion  per  horse-power 
per  hour  =  580.6  cubic  feet,  or  ,1612  cubic  feet  per  second. 


*  It  will  doubtless  be  noted  that  1  have  omitted  to  take  into  account,  as  contrib- 
uting to  the  head,  the  pressure  of  the  gases  entering  tiie  burners.  I  liave  deemed 
this  tlie  better  course,  however,  owing  to  tiie  continual  variations  of  this  factor  and 
the  consequent  indeterminate  nature  of  the  results.  The  error,  at  its  worst,  is  on 
the  safe  side.  Should  it  be  desirable  to  consider  this  factor  the  heads  corresponding, 
in  feet  of  hot  gas,  to  the  head  in  inches  of  water  may  be  deducted,  according  to  the 
formula  given  on  page  288  of  Rankine's  Steam- Engine. 


CHIMNEYS,    COMBUSTION-CHAMBERS,    AND    GAS-BURNERS.      81 

Assuming  that,  in  order  to  obtain  the  best  results,*  the  tempera- 
ture of  the  gases  in  the  chimney  uptake  is  600°,  we  have  for  the 
volume  of  the  gases  in  the  chimney  uptake  per  horse-power  per 
second 

V  =  vol.,  per  sec,  at  32      ^^^.^f°    =    .1612    X    2.152   =    .3469  cu.  ft. 

And  if  S  =  velocity  of  current  in  feet  per  second  in  chimney  up- 
take and  A  =  sectional  area  of  chimney  in  square  feet  per  horse- 
power, then 


S    =        -^ (2) 

A 


But,  according  to  Peclet, 


TA'   +   Jr  ) <'' 


where  A ^  head  in  feet  of  hot  gas;  >S':=  velocity  in  feet  per  second; 
/=  length  of  chimney  and  flue;  3/=  hydraulic  mean  depth  of 
chimney;  /=  coefficient  of  friction  for  gases  moving  over  sooty 
surfaces  =  .012 ;  and  g  =  the  acceleration  of  gravity  =  32.17.     By 

transposition 

g^    _  2ghM 

M   -Y    .012  Z 
But  also, 

^2     _  /^3469\2        .       .12034    ^        64.340/  .« 

But  3/= — ^^  =  area  divided  by  circumference  ;  and  for  round 
or  square  sections  31  =  —  =  one-quarter  the  diameter. 

.-.      A      =      4,rJ/2 

Substituting  this  value  in  the  previous  equation,  we  have 

1029.44:r2J/sA    —     .120343/    =   ^001444/ 
or, 

3234.0887I/5A    —     .12034il/    =     .001444/ (5) 

Assuming  any  desired  height  of  chimney  and  length  of  flues 
and  obtaining  the  corresponding  value  for  the  head  {h),  by  equa- 
tion (1),  these  values  may  be  substituted  in  the  foregoing  equa- 
tions.    A  value  for  31  is  thus  found.     But  31  =  —  .'  .  D  ^  4  31. 

4 

Taking  the  area,  corresponding  to  this  diameter,  D,  we  have  the 

*  Eankinei 
VOL.  XVII. — 6 
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value  of  A,  =  tlie  sectional  area  of  chimney  in  .square  feet  for 
one  horxc-power  of  boiler  capacity.  Multiplying  this  value  by 
the  total  number  of  liorse-power,  we  have  the  desired  sectional  area 
of  the  chimney. 

Least  Sectional  Ai-ea  of  the  Combustion- Chamber. 

By  a  |)revious  calculation  we  have  found  the  temperature  of  com- 
bustion equal  to  1541.2°  C.  =  2774.16°  F. 
The  volume  per  pound  at  this  temperature 

=    I2i    X    -"^     =    81.99  cubic  feet. 
493.2° 

The  volume  per  pound  at  the  temperature  of  600°  in  the  chimney 
:=  26.9  cubic  feet. 

The  ratio  of  the  former  to  the  latter  is 

^1:^    =    3.048 
26.9 

But  these  volumes  are  directly  proportioned  to  the  corresponding 
areas,  and  consequently  the  least  sectional  area  of  the  combustion- 
chamber  is  equal  to  the  area  of  the  chimney  multiplied  by  3.048. 

Least  Sectional  Areas  of  Gas-  and  Air-Openings  in  the  Gas- Burners. 

We  have  already  found  that  each  unit  of  gas  when  consumed 
gives  1.75  units  of  products  of  combustion,  and  that  each  unit  of  gas 
requires  .85  units  of  air  for  combustion. 

I  will  first  determine  the  ratio  between  the  volume  of  one  pound 
of  gas  at  its  temperature  of  admission  (212°)  and  the  volume  of  1.75 
pounds  of  products  of  combustion  at  the  temperature  in  the  uptake 
(600°). 

lb.  Vol.  1  of  gas  at  212°  =  12  5     X     ?^^      =     17.062  cubic  feet. 

°  493.2 

Vol.  1.75  lbs.  of  products  at  600°  =  21.875     X     ^^^      -=     47.097      " 

And  tbe  ratio  of  the  former  to  the  latter  is     .     .       ' '    -^     ^=:     0.362. 

4/. 09/ 

But  this  ratio  is  also  the  ratio  between  the  sectional  areas  of  the 
gas  opening  and  the  uptake,  or  the  leaM,  sectional  area  of  the  gas 
opening,  is  equal  to  the  sectional  area  of  the  chimney  multiplied  by 
0.362. 
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Likewise,  the  ratio  between  the  volume  of  .85  pound  of  air,  at 

60°  initial  temperature,  and  the  volume  of  1.75  pounds  of  products 

of  combustion,  is 

i^--     =     0.238 
47.097 

Consequently,  the  least  sectional  area  of  the  air-openings  in  the 
gas-burners  is  equal  to  that  of  the  chimney  multiplied  by  0.238. 

The  contraction  of  the  gas-opening  areas  by  the  accumulation  of 
dust  contained  in  the  gases  must  not  be  overlooked.  Due  allow- 
ance, dependent  upon  the  nature  of  the  gas,  should  be  made  for  this 
factor. 

As  an  example  of  the  application  of  this  calculation,  let  us  assume 
a  boiler-stack  110  feet  high,  with  a  flue  leading  to  it  10  feet  long, 
i.e.,  H  =z  110,  1=  120.  Let  the  temperatures  be  the  same  as  used 
in  our  preceding  calculations,  then, 

A    =     105.5 
Inserting  the  values  of  A  and  I  in  equation  (5)  we  have 

339740.944J/5     —     .120343/    =     .173280 
or 

J/5   —   .0000003542   M  =   .0000005103,  and   M  =   0.05554 

The  diameter  D  =  0.22216  feet  and  the  corresponding  area, 
A  =  0.0387622  square  feet  =  4.582  square  inches  per  horse-power 
of  the  boiler. 

The  least  sectional  area  of  the  combustion-chamber  per  horse- 
power = 

4.582  X  3.048  =  13.97  square  inches. 

The  least  sectional  area  of  the  gas-opening  in  the  burner  ^ser  horse- 

poioer  is 

4.582     X     0.362     =     1.659  square  inches. 

The  least  sectional  area  of  the  air-opening  in  the  burner  per  horse- 
power is 

4.582     X     0.238     =     1.0905  square  inches. 


Author's  Correction  after  Printing.— For  above  flue-area  (4.582)  read 
5.582  sq.  in.  per  H.  P.,  making  least  sectional  areas  (13.97;  1.659;  1.0905)  17.01; 
2.02 ;  and  1.33  sq.  in.  respectively. 
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BY  WILLIAM  n.    PHILLIPS,   PH.D.,   CHAPEL  HILL,   N.    C. 
(Birmingham  Meeting,  May,  1888.) 

It  is  proposed  in  this  paper  to  flisonss  some  of  the  clieinical  and 
physical  jirineiples  involved  in  the  manufacture  and  use  of  this  im- 
portant by-product  obtained  in  the  manufacture  of  steel  by  the 
basic  process.  The  name,  "  phosphate  slao^,"  is  adopted  as  a  sort  of 
compromise  between  "Thomas  slag"  and  "tetrabasic  phosphate." 
By  the  first  of  these  latter  names,  viz.,  "  Thomas  slag,"  it  is  known 
in  Germany,  Austria,  France,  and  the  other  continental  countries, 
and  in  England,  and  is  more  easily  ajiprehended  by  those  who  have 
no  special  knowledge  of  chemistry,  while  the  name  "  tetrabasic  phos- 
phate," being  descriptive  of  the  nature  of  the  slag,  is  perhaps  the 
best. 

It  is  but  seldom  that  a  discovery  of  such  moment  to  two  great 
industries  is  to  be  chronicled  in  the  history  of  technical  science.  On 
the  one  hand,  the  manufacture  of  iron  and  steel  has  been  greatly 
benefited,  while  on  the  other  hand,  the  effects  already  noticed,  and 
still  to  follow,  to  the  agriculturalist,  are  of  scarcely  less  consequence. 
The  great  majority  of  iron  ores  in  the  world,  perhaps  90  per  cent, 
of  them,  are  now  available  for  the  steel  manufacturer,  while  the 
manufacturer,  and  more  especially  the  consumer,  of  artificial  ma- 
nures is  relieved  from  the  fear  of  the  exhaustion  of  the  crude  phos- 
phates. We  have  in  phosphate  slag,  therefore,  a  product  of  the 
highest  importance  to  those  who  make  and  use  steel  and  fertilizers. 
Two  great  industries,  which  heretofore  have  had  but  little  in  com- 
mon, are  thus  brought  into  close  connection  with  each  other,  and 
the  results  sure  to  follow,  if  one  may  judge  from  the  history  of  the 
past  ten  years,  cannot  fail  to  be  of  great  and  increasing  value.  These 
results  may  be  com{)arcd  with  those  which  followed  the  introduction 
of  the  cui)riferous  Spanish  pyrites  into  England  for  the  manufacture 
of  sulphuric  acid.  The  copper  extracted  greatly  reduced  the  cost  of 
the  acid,  hence  that  of  artificial  manures.  Cheap  manures  meant 
better  farming  and  cheaper  farm  products,  and  these  meant  better 
and  cheaper  living  to  nearly  all  classes  of  society. 

The  amount  of  fertilizers  now  manufactured  in  the  United  States 


PHOSPHATE     SLAG.  85 

is  about  1,000,000  short  tons  per  annum",  valued  at  about  $27,000,000. 
This  will  require  the  consumption  of  at  least  400,000  tons  of  phos- 
phate rock  per  annum,  valued  at  $2,000,000.  The  field  for  plios- 
phate  slag  is  an  inviting  one,  for  it  is  in  the  Southern  States  especially 
that  the  greatest  consumption  and  smallest  production  of  fertilizers 
is  to  be  noticed.  It  is  in  the  Southern  States  especially  that  the  new 
phosphate  slag  will  be  produced,  for  it  is  here  that  nature  has  placed 
the  materials  from  which  the  slag  is  obtained,  viz.,  phosphoritic  iron- 
ores.  A  brief  glance  at  the  statistics  of  the  manufacture  and  con- 
sumption of  fertilizers  in  the  States  of  West  Virginia,  Virginia, 
North  and  South  Carolina,  Tennessee,  Georgia,  Florida,  Alabama, 
Mississippi,  and  Louisiana,  will  show  that  while  their  consumption 
is  over  550,000  tons  of  fertilizers,  their  production  is  not  above 
225,000  tons.  In  other  words,  for  every  ton  of  fertilizers  they  make, 
valued  at,  say  $20,  they  import  two  tons  valued  at  $40. 

The  State  of  North  Carolina  alone  spends  over  $2,000,000  per 
annum  for  fertilizers,  or  for  the  phosphoric  acid  contained  in  them, 
at  least  $300,000.  It  is  believed  that  the  ten  Southern  States  just 
named  do  not  spend  less  than  $3,000,000  yearly  for  phosphoric  acid. 
Probably  eight-tenths  of  this  amount  is  paid  for  phosphoric  acid 
from  mineral  phosphates,  leaving  two-tenths  for  the  acid  from  bone, 
fish-scrap,  tankage,  etc. 

If  a  new  source  of  phosphoric  acid  can  be  had,  as  good  as  min- 
eral phosphates,  as  cheap,  and  as  constant,  we  may  well  congratulate 
the  whole  country,  ^yhat,  then,  can  be  said,  if  the  new  source  is 
better,  cheaper,  and  more  constant  than  mineral  phosphates?  Yet 
such  is  the  case.  The  phosphoric  acid  in  phosphate  slag  is  better 
than  that  in  mineral  phosphates,  because  it  is  more  readily  soluble 
in  the  soil ;  it  is  cheaper,  because  for  the  same  amount  of  money 
more  available  plant-food  can  be  purchased  ;  it  is  more  constant,  be- 
cause its  original  source  is  more  widely  diffused,  and  can  be  drawn 
upon  for  a  longer  period.  This  last  consideration,  however,  is  of 
less  consequence  than  the  first  two.  Without  robbing  the  future,  or 
interfering  with  any  of  its  rights,  vested  or  otherwise,  the  wisest 
course  is  to  manage  our  own  affairs  and  leave  posterity  to  manage  its. 
Sudo7'  ne  ultra  crepidam,  which,  translated  into  modern  English,  may 
mean,  "  paddle  your  own  canoe."  If,  without  entailing  poverty  or 
distress  upon  our  great-grandchildren,  we  can  secure  for  ourselves 
a  reduction  of  10  to  25  per  cent,  in  the  cost  of  an  article  we  consume, 
we  need  not  harass  ourselves  over  what  they  will  do. 

Let  us  now  inquire  what  this  new  source  of  phosphoric  acid   is, 
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liow  it  affects  the  steel  and  fertilizer  trades,  and  its  value  as  an 
article  of  commerce. 

Phosj>hate  slag,  or  tetrahasic  phosphate,  is  the  slag  obtained  by 
blowing  a  blast  of  air  into  a  mixture  of  pig-iron  and  calcined 
limestone  or  dolomite  contained  in  a  vessel  lined  with  basic  material, 
chiefly  calcined  limestone,  or  dolon)ite.  By  this  mearis  the  ])hos- 
phorus  in  the  pig-iron,  whether  as  jihosphide  or  j)hos|)hate,  is 
passed  into  and  absorbed  by  the  lime,  forming  with  it  compounds 
of  varying  richness  in  j>hosphoric  acid,  butc^hiefly  a  comj>ound  con- 
sisting of  4  j)arts  of  lime  and  1  part  of  phosphoric  acid.  The 
average  analysis  of  this  slag  is  as  follows:  German  slag:  Fleischer. 

Per  cent. 

Phosphoric  acid,         .........  17.5 

Lime, 49.'i 

Magnesia,    ...........  4.7 

Protoxide  of  iron 9.3 

Peroxide  of  iron,        .........  4.1 

Alumina, 2.0 

Protoxide  of  manganese,     ........  4.0 

Siilphnr, 0.5 

Sulphuric  acid,  ..........  0.2 

Silica 7.5 

This  represents  the  average  composition  of  the  slag  from  German 
works,  and  is  given  by  Fleischer,  Entphosphoi'ung  des  Ui,^ens  (lurch 
den  Thomas- Prozess.     Berlin,  1886,  p.  7. 

The  average  composition  of  the  English  slag,  as  given  by  Stead 
and  Ridsdale,  Trans.  London  Chem.  Soc,  1887,  p.  GOl,  is  as  fol- 
lows : 

Per  cent. 
Phosphoric  acid, 18.10 


Lime, 

Magnesia, 

Protoxide  of  iron,     . 

Peroxide  of  iron, 

Alumina,  . 

Protoxide  of  manganese, 

Sulphur,    . 

Sulphuric  acid, . 

Silica, 

Protoxide  of  vanadium. 


45.04 
().42 
2.10 

15.42 
1.50 
3.50 
0.32 

trace 
5.80 
1.35 

99.95 


This  slag  was  made  by  the  Northeastern  Steel  Co.,  Middlesboro, 
England,  and  from  it  were  obtained  the  crystals  to  be  mentioned 
later. 
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G.  Moreau  (in  ia  G^nie  Civil,  August,  1881,  quoted  in  Eng.  and 
Mill.  Jour.,  vol.  xxxii.,  No.  8)  say?  that  the  slag  from  Teplitz  and 
Witkowitz,  Bohemia,  had  the  following  composition: 

Per  cent. 

Phosphoric  acid, 27.35 

Lime  and  magnesia,  ........     61.02 

Peroxide  of  iron, 8.19 

Protoxide  of  iron, 1.2.3 

Silica, 2.49 

It  was  produced  from  a  white  iron  composed  as  follows: 

Per  cent. 

Iron 92.31 

Phosphorus, 2.10 

Manganese,        ..........  2.27 

Carbon,      .         .         .         .  ' 3.12 

Silicon,      ...........  0.30 

Sulpliur, trace 

From  the  analyses  quoted  it  will  be  seen  that  the  average  con- 
tent of  phosphoric  acid  in  phosphate  slag  is  not  above  20  per  cent. 
nor  below  17  per  cent.  In  Charleston  rock  (S.  C.  phosphate)  it 
ranges  from  25  per  cent,  to  28  per  cent.;  in  ordinary  Navassa  rock, 
from  27  per  cent,  to  30  per  cent. ;  in  red  Navassa,  25  to  27  per 
cent. ;  in  Canadian  apatite,  40  to  43  per  cent. ;  in  bones,  22  to  25 
per  cent.  ;  and  in  North  Carolina  phosphate  rock,  18  to  20  per 
cent. 

So  far  as  its  content  in  phosphoric  acid  is  concerned,  phosphate 
slag  is  several  per  cent,  behind  the  standard  crude  phosphates,  and 
can,  therefore,  come  into  competition  with  them  only  if  it  is  better 
or  proportionally  cheaper. 

Is  it  better  and  cheaper?  Experiments  conducted  for  the  last  ten 
years  in  Germany,  England,  and  France,  and  from  the  last  two  to 
three  years  in  the  United  States,  have  shown  that  it  far  excels  as  a 
manure  any  other  crude  mineral  phosphate.  In  the  condition  of 
an  extremely  fine  powder,  at  least  75  per  cent,  of  which  should  pass 
a  sieve  of  10,000  meshes  per  square  inch,  its  phosphoric  acid  is 
quickly  acted  upon  by  the  decomposing  agents  within  the  soil,  and 
becomes  easly  available  to  plants.  It  is  not  within  the  scope  of 
this  paper  to  discuss  any  especial  points  in  agricultural  chemistry, 
but  it  appears  necessary  to  allude,  as  briefly  as  possible,  to  one  of 
the  main  principles  used  in  the  valuation  of  manures,  viz.,  their 
content  in  what  is  termed  "available  phosphoric  acid." 
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By  this  is  meant  the  sum  of  the  phosphoric  acid  sohiblc  in  water, 
and  of  the  pliosplioric  acid  soluble  in  a  neutral,  or  slightly  acid,  or 
slightly  alkaline  solution  of  ammonium  citrate.  This  ''available" 
phosphoric  acid  is  supi)osed  to  be  of  the  same,  or  very  nearly  the 
same,  value  to  crops  as  the  soluble  j)h()S|)horic  acid.  In  the  com- 
mercial valuation  of  pli08j)hatic  manures  a  valuation  of  so  many 
cents  per  j)ound  is  given  to  the  available  phos])horic  acid.  In  the 
southern  States  6  cents  per  ])ound  is  allowed.  On  this  basis  let  us 
calculate  the  commercial  value  of  phosphate  slag,  and  compare  it 
with  other  crude  niineral  phosphates,  and  with  the  acidulated  phos- 
phates offered  for  sale  in  this  country. 

In  the  Rej)ort  of  the  Conn.  Agric.  Expt.  Station  for  1887,  we 
find  that  a  sample  of  the  slag  received  from  Paul  AVeidinger  &  Co., 
76  Pine  Street,  N.  Y.,  contained  phosphoric  acid  19.48  per  cent.,  of 
which  6.29  per  cent,  was  "available,"  not  soluble  in  water  but  solu- 
ble in  ammonium  citrate.  At  6  cents  per  pound,  the  value  of  this 
slag  would  be  $7.54  per  ton.  Allowing  2  cents  per  pound  for  the 
balance,  i.e.,  13.19  per  cent.,  we  have  as  total  value  $12.81.  It  is 
sold  f.  o.  b.  in  New  York  for  $12.50,  and  is  said  to  have  produced 
very  nearly  the  same  effect  on  the  Indian-corn  crop  as  was  produced 
by  a  quantity  of  superphosphate  equivalent  to  it  in  cost. 

Another  sample  of  this  slag  (Report  Conn.  Agric.  Expt.  Station, 
1886)  yielded  19.57  per  cent,  available  (citrate  soluble)  phosphoric 
acid,  and  would  hence  have  a  value  per  ton  of  $23.48. 

A  sample  of  a  cargo  of  German  phosphate  slag,  imported  by 
Heide  &  Co.,  Wilmington,  N.  C,  in  1887  yielded  F.  B.  Dancy 
(Lab.  N.  C.  Expt.  Station)  phosphoric  acid  17.56  per  cent.,  of 
which  4.57  per  cent,  was  available  (citrate  soluble).  The  value  of 
this  calculated  as  before  would  be  for  the  available  phosphoric  acid 
$5.48,  and  for  the  total  value  per  ton  $10.28. 

It  is  but  seldom  more  than  2.50  per  cent,  available  or  citrate  solu- 
ble phosphoric  acid  is  contained  in  finely  ground  crude  mineral  phos- 
phates. Taking  this  as  an  average,  and  allowing  that  24  per  cent, 
remains  undissolved,  we  have  as  an  average  value  per  ton  for  the 
available  phosphoric  acid  $3.00,  and  as  total  value  .$12.60.  The  f. 
o.  b.  cost  of  such  a  phosphate,  S.  C.  Floats,  for  instance,  is  about 
$12.50. 

The  value  of  phosphate  slag,  on  a  basis  of  6  cents  per  pound  for 
the  available,  and  2  cents  for  the  insoluble  phosphoric  acid,  is  thus 
seen  to  be  quite  as  high  as  that  of  the  standard  mineral  phosphates, 
and  in  one  case  much  higher. 
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As  regards  acid  phosphates  with  14  per  cent,  available,  and  3  per 
cent,  insoluble  phosphoric  acid,  the  difference  may  amount  to  S-t  per 
ton  in  favor  of  the  acidulated  article.  It  is  hardly  fair  to  compare 
a  non-acidulated  with  an  acidulated  article,  but  even  in  this  case  by 
numerous  experiments  phosphate  slag  has  shown  itself  of  almost 
equal  value  with  a  superphosphate,  when  the  relative  cost  of  the  two 
is  considered.  Compared  with  other  crude  mineral  phosphates  it 
has  a  decided  advantage.  A  ton  of  phosphate  slag  costing  $12.50, 
and  containing  19.48  per  cent,  phosphoric  acid,  would  yield  to  plants 
125.8  pounds  available  phosphoric  acid,  while  to  supply  the  same 
amount  from  other  phosphates,  allowing  them  even  5  per  cent. 
"  available,"  would  cost  $15.87,  and  at  3  per  cent.  "  available  "  more 
than  $25. 

There  is  a  great  gain  not  only  in  the  purchasing  power  of  money 
as  applied  to  the  original  phosphate,  but  also  in  freight.  A  ton  of 
phosphate  slag  will  add  to  the  soil  as  much  available  phosphoric 
acid  as  2  tons  of  ordinary  phosphate  rock,  so  that  a  great  saving  in 
freight  becomes  possible,  as  well  as  the  saving  in  the  price  of  the 
original  article. 

The  condition  in  which  the  phosphoric  acid  exists  in  phosphate 
slag  is  a  subject  upon  which  I  do  not  here  propose  to  enter.  The 
weight  of  testimony  appears  to  me  to  lean  decidedly  towards  the  as- 
sertion that  it  exists  as  tetra-calcium  phosphate,  4CaO.P20..  The 
tetra-calcium  phosphate  crystals  obtained  from  the  Middlesboro  slag 
by  Stead  &  Ridsdale  have  less  to  do  in  settling  this  question  than 
the  behavior  of  the  slag  towards  certain  reagents,  especially  towards 
carbonic  acid  water,  acetic  acid  and  ammonium  citrate. 

G.  Hilgenstock  first  drew  attention  to  this  subject  in  1883,  and 
in  a  paper  read  before  the  Union  of  German  Iron  Smelters  on  the 
27th  June,  1886,  said  that  the  ordinary  phosphate  slag  must  be  a 
fused  mixture  of  calcium  phosphate,  calcium  silicate  and  free  me- 
tallic oxides,  and  that  the  whole  of  the  phosphoric  acid  was  present 
as  tetra-calcium  phosphate.  His  opinion  was  supported  by  numei- 
ous  analyses.  Others  who  have  written  on  this  subject  are  Dr. 
Wedding  of  Berlin,  Wagner,  Munro  and  Wrightson,  Groddeck  and 
Broockman  (Stahl  und  Eisen,  1884,  Xo.  3,  |).  141),  Maltzan,  Otto 
and  Blum  {Chemiher  Zeitung,  188o,  1.S86,  and  1887),  Wyatt,  Wiley, 
Dewey,  Goessmann,  and  Borronicki  {Eng.  and  Min.  Jour.,  1887),  and 
Stead  and  Kidsdale  {Jour.  London  Chem.  Soc,  1887,  p.  601).  The 
work  of  these  last  named  gentlemen,  "Crystals  in  basic  converter 
slag,"  is  particularly  to  be  praised.    They  separated  at  least  six  differ- 
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cut  kinds  of  j)l)()S|)liatic  crystals  from  Middlesboro  slajij  of  great  in- 
terest to  steel  makers,  chemists  and  mineralogists. 

The  composition  of  the  transparent,  slightly  yellowish  crystals 
was  almost  exactly  the  same  as  that  of  tetra-ealcium  phosphate,  viz. : 

Per  cent. 

Phosphoric  acid 38.04 

Lime,         ..........     60. J3 

In  a  word,  therefore,  j>liosphate  slag  is  a  mixture  of  tetra-calcium 
}>hosphate  with  tree  lime,  and  the  silicates  of  lime,  magnesia,  iron, 
manganese  and  aliiniinum. 

How  does  the  manulacture  of  this  slag  affect  the  makers  and  users 
of  steel  and  of  commercial  fertilizers? 

A  full  discussion  of  this  important  question  would  require  more 
knowledge,  time  and  space  than  is  at  present  at  my  disj)osal.  It 
presents  itself  under  such  a  variety  of  aspects,  according  to  the  point 
of  view  from  which  we  regard  it,  it  demands  such  extensive  and 
varied  information,  from  the  mining  of  iron-ore  through  the  manu- 
facture of  j)ig-iron  and  steel  to  the  grinding  and  treatment  of  com- 
mercial fertilizers,  that  instead  of  a  few  pages  volumes  might  be 
written,  and  a  score  of  men  employed  in  the  collection  and  digestion 
of  data.  It  is  too  much  for  one  man  to  attempt  even  were  he  Gallon, 
Bell  and  Wagner  rolled  into  one,  with  Edward  Atkinson  to  do  the 
figuring. 

There  are,  however,  two  considerations  which  stand  out  n)ost  promi- 
nently, viz.,  the  utilization  of  phosphoretic  iron-ores  in  the  manu- 
facture of  steel,  and  the  utilization  of  the  slag  in  the  manufactureof 
artificial  manures.  From  these  two  depend  numerous  others,  all  of 
which  may  be  referred  back  to  the  one  or  the  other  of  them. 

I^etus  glance  at  the  first,  viz.,  the  utilization  of  phosphoretic  iron- 
ores  in  steel-making. 

I  suppose  that  fully  80  to  90  per  cent,  of  the  iron-ores  of  the 
world  are  excluded  from  steel-works  on  account  of  their  containing 
too  much  ])hosphorus.  As  the  phosphorus-limit  in  ordinary  steel 
for  structural  j)urposes  is  taken  at  0.10  per  cent.,  and  as  the  phos- 
phorus in  the  ore  goes  into  the  pig,  and  as  two  tons  of  ore  are  needed 
to  make  one  ton  of  pig-iron,  it  follows  that  an  ore  containing  more 
than  0.05  ])er  cent,  phosphorus  must  be  regarded  with  suspicion, 
when  the  question  of  steel-making  arises.  An  ore  containing  0.10 
]»er  cent,  phosphorus  is  not  suitable  for  steel,  or  rather  was  not  suit- 
able, for  now  ores  containing  2  per  c-ent.  of  phosphorus  can  be  used. 
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The  importance  of  this  one  fact  can  hardly  be  overestimated.  In 
order,  however,  tliat  we  may  have  seme  specific  statements  as  refer- 
ences, I  have  compiled  from  a  paper,  entitled  "  The  Iron- Ores  and 
Coals  of  Alabama,  Georgia  and  Tennessee,"  read  by  John  B.  Porter, 
at  the  Bethlehem  Meeting,  American  Institute  Mining  Engineers, 
May,  1886,  and  published  in  the  Transactions,  vol.  xv.,  the  phcs- 
phorus-content  in  the  various  ores  of  Alabama. 

Thus  we  have : 

Phosphorus. 

In  Silurian  brown  ores,  average,  ......  0.3116 

In  red  fossil  <<  «  0.2498 

In  Siibcarbonif- 

erous  "  "  ......  0.3675 

In  carboniferous      "  "  0.2580 

In  metamorpliic      "  "  0.2668 

The  highest  phosphorus-content  was  in  the  metamorj)hic  ores  of 
Chilton  county,  viz.,  0.5780  per  cent.,  and  in  the  Silurian  brown 
ores  of  Talladega  county,  viz.,  0.5700  per  cent.  Assuming  that  the 
phosphorus  in  the  ore  will  reappear  in  the  pig,  an  assumption  very 
nearly  if  not  altogether  true,  and  calculating  the  phosphorus  to  phos- 
phoric acid,  we  find  that  the  pig  from  these  various  ores  will  contain 
as  follows : 


Phosphoric  acid 

Per  cent. 

Pig   from 

Silurian  brown  ores 
red  fossil                   " 

will 

coi 

tain  . 

.     0.7135 
.     0.5710 

l(                it 

Subcarboniferous    " 

li 

" 

.     0.8415 

l(                (< 

carboniferous           " 

11 

(( 

.     0.5908 

((                (( 

metaniorphic           " 

li 

(1 

.     06109 

The  phosphoritic-metamorphic  oresof  Chilton  county,  containing 
0.5780  per  cent,  phosphorus,  will  yield  pig,  containing  1.3236  per 
cent,  phosphoric  acid,  and  the  Silurian  brown  ores  of  Talladega 
county,  a  pig  of  1.3053  per  cent,  phosphoric  acid. 

But  it  takes,  on  an  average,  two  tons  of  iron-ore  to  make  one  ton 
of  pig-iron,  so  that,  excluding  the  phosphorus  in  fuel  and  flux,  the 
final  account  will  stand  : 


Phosphoric  acid 

Per  cent. 

-"ig   from 

Silurian  brown  ores  will  contain  . 

.     1  4270 

((              n 

red  fossil                  " 

ii 

ii 

.     1.1420 

((             ic 

Subcarboniferous   " 

li 

" 

.     1.6830 

t(           i( 

carboniferous          " 

li 

" 

.     1.1816 

li              u 

metamoruhic          " 

li 

" 

.     1.2218 
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while  the  pig  from  the  metamorphic  ores  of  Chilton  comity,  contain- 
iiio;  1.3230  per  cent,  phosphoric  acid,  will  contain  2.6472  per  cent. 
plios})hori('  acid. 

Accordinti;  to  M.  Walrand,a  French  engineer,  with  a  very  consid- 
erable experience  in  the  basic  process  (see  abstract  in  Etu/ineering 
and  ^filling  Journal,  vol.  xxxiii.,  No.  13),  the  most  suitable  phos- 
phorus-content in  pig  destined  for  the  basic  pro(!ess  is  from  2.5  per 
cent,  to  1.2  per  cent.,  e(piivalent  to  5.62  per  cent.,  and  2.74  ])er 
cent.  phospiu)ri(!  acid.  So  that  even  the  most  ))hosphoritic  iron- 
ores  of  Alabama,  whose  analyses  are  given  by  Dr.  Porter,  would 
seem  to  be  just  about  the  lower  limit  for  economical  working. 

Mr.  Alfred  F.  Brainerd,  analytical  chemist,  Birmingham,  Ala- 
bama, informs  me,  in  a  private  communication,  April  30th,  1888, 
that  the  average  phosphorus-content  in  Alabama  pig,  examined  by 
him,  is  about  0.66  per  cent.,  or,  of  phosphoric  acid,  1.5114  per  cent. 

Fleischer  {Entphosphoriing  des  Eisens  duvch  den  Thomas- Prozess, 
und  Hire  Bedeutuny  fur  die  Landwirthschaft,  Berlin,  1886)  has  col- 
lected statistics  from  eleven  German  works,  making  phosphate  slag. 
His  results  are  given  in  the  following  table: 

Phosphoric  acid  in  charge.  Phosphoric  acid  in  pig.  Phosphoric  acid  in  slag. 

Per  cent.  Per  cent.  Per  cent. 

2.9                                                  2.5  14.f)6 

about  2.0  15-20 

1.75-2.0  16-19 

2  5-3.0  16-20 

about  25                                       about  2.5  about  18.0 

2.08-2.13                                     2.75-3.0  11.39-15.87 

0.5-2.0                                       2.50-3.0  18.50 

3.0                                               2.5  16-20 

al)oiit  2.3                                           2  8-2.9  17-22 

about  1.71                                   about  1.70  12-18 

2.07-3.0  20.2-24.0 

Accepting  these  figures,  I  have  calculated  the  percentage  of  phos- 
phoric acid  in  the  charge,  in  the  pig,  and  in  the  slag  which  may  be 
obtained  from  every  0.109  per  cent,  of  phosphorus  in  the  charge. 

The  followinir  table  exhibits  the  results : 
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Table  shorving  the  Percentages  of  Phosphoric  Acid  in  the  Charge,  in 
the  Pig,  and  in  the  Slag  for  each  0.109  per  cent,  of  Phosphorus  in 
the  charge. 


Per  cent. 

of 
Phospho- 
rus in  the 
charge. 

Per  cent. 

of 

Phos.  .\c)d 

in  the 

charge. 

Per  cent.  Phos.  A 
the  Pig. 

cid  in 

Per.  cent.  Phos  Acid  in 
the  Slag. 

Maximum 

Minimum. 

Average. 

Maximum 

Minimum. 

Average. 

0.109 

0.25 

0.55 

0.20 

0.37 

3.70 

1.84 

2.77 

0.218 

0  50 

1.10 

0  41 

0.75 

7.50 

3.73 

5.74 

0.327 

0.75 

1.65 

0.62 

1.13 

11.30 

5.62 

8.46 

0.436 

1.00 

220 

0.83 

1.51 

15.10 

7.51 

11.30 

0.545 

1.25 

2.75 

1.03 

1.89 

18.90 

9.41 

14.15 

0.654 

1.50 

3.30 

1.24 

2.27 

22.70 

11.30 

17.00 

0.763 

1.75 

3.85 

1.45 

2.65 

26.50 

13.19 

19.84 

0.872 

2.00 

4.40 

1.66 

3.03 

30.30 

15.08 

22.69 

0.981 

2.25 

4.95 

1.86 

3.40 

34  00 

16.93 

25.46 

1.09 

2.50 

5.50 

2.07 

3.78 

37.80 

18.83 

28.31 

1.119 

2.75 

6.U5 

2.28 

4.16 

41.60 

20.71 

31.15 

1.308 

3.00 

6.60 

2.49 

4.54 

45.40 

22.60 

34.00 

It  will  be  seen  from  this  table  that,  on  the  average,  there  should 
be  from  0.654  per  cent,  to  0.763  per  cent,  of  phosphorus  in  the 
charge  to  yield  a  converter-slag  containing  from  17  per  cent,  to  20 
per  cent,  of  phosphoric  acid. 

There  are  numerous  ores  in  Virginia,  Tennessee  and  Alabama, 
which  would  satisfy  these  conditions. 

G.  Moreau  (in  La  Genie  Civil  for  August,  1881,  quoted  in  Pn- 
gineeriug  and  Mining  Journal,  vol.  xxxii..  No.  8)  is  the  authority 
for  the  statement  that  the  white  pig,  treated  at  Teplitz  and  Witko- 
witz,  Bohemia,  an  analysis  of  which  has  already  been  given,  con- 
tained 2.10  per  cent,  phosphorus  (=  4.80  per  cent,  phosplioric  acid), 
and  yielded  a  slag  containing  27.35  per  cent,  phosphoric  acid,  or  1 
part  phosphoric  acid,  in  the  pig,  yielded  5.70  parts  phosphoric  acid 
in  the  slag.  From  the  data  I  have  been  able  to  get,  I  suppose  that 
1  part  of  phosphoric  acid  in  the  pig  will,  on  the  average,  yield  7.36 
parts  phosphoric  acid  in  the  slag,  and  thus  an  ore,  containing  0.5 
per  cent,  phosphorus,  should  yield  a  converter-slag  of  16.85  per 
cent,  phosphoric  acid.  At  some  German  works  the  yield  is  higher  : 
at  the  works  of  Fois  de  Wendel  &  Co.,  Hayingen,  Lorraine,  the 
ratio  is  1  :  9 ;  at  the  Rothe  Erde  Works,  in  Aachen,  it  is  1  :  9.3 ; 
at  the  Rhein  Steel  Works,  in  Ruhrort,  it  is  1   :  8.75. 

The  significance  of  these  figures  may  be  appreciated,  when  we 
remember  that,  from  the  0.57  per  cent,  phosphorus  ores  of  Chilton 
and  Talladega  counties,  Ala.,  may  be  produced  a  converter-slag, con- 
taining from  19.21  to  24.27  per  cent,  phosphoric  acid. 

The  value  of  the  slag  as  a  by-product  stands  in  intimate  con- 
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nection  witli  its  value  as  a  manure,  and  its  value  as  a  manure  de- 
]icn(ls  upon  wlu'thor  it  can  most  |)rofital)ly  be  converted  intoasuper- 
pliospliate  or  precipitated  pliospliate,  or  used  as  finely  ground  raw 
phosphate.  This  is  not  the  phice  to  sjjcak  of  its  conversion  into 
super  or  |)recipitatod  jihosphate,  except  to  mention  that  such  a  pro- 
cess is  succcssl'ully  carried  out  in  Germany.  Nor  shall  I  speak  of 
the  various  j>rocesses  bv  which  a  concentration  of  its  phosphoric  acid 
is  attained  by  mechanical  means,  such,  for  instance,  as  by  Scheibler's 
process.  It  seems  to  me  that  its  chicicst  use  and  chiefest  value  lies 
in  the  direction  of  its  application  t<»  the  soil  as  fine  ground  crude 
])hosj)hate.  As  such,  it  must  come  into  com])etition  with  other  fine 
ground  crude  phosphates.  Compared  with  them,  it  has  nothing  to 
fear.  It  enters  the  struggle  with  many  and  great  advantages,  and 
it  will  rest  with  the  skill  and  })erseverance  of  those  who  introduce 
it,  and  not  with  the  slag  itself,  if  it  should  not  succeed  in  winning 
an  important  position  in  the  estimation  of  agriculturists. 

In  concluding,  I  cannot  forbear  the  expression  of  my  indebted- 
ness to  the  ))ages  of  the  Evgineerhig  and  Mining  Jovrnal,  which,  for 
the  last  eight  or  nine  years,  have  contained  numerous  and  valuable 
references  to  the  various  details  of  the  Basic  process. 


THE  GBADINO  OF  BIRMINGHAM  PIOIRON. 

BY   KENNETH  ROBERTSON,   BIRMINGUAM,    ALA. 

(Birmingham  Meeting,  May,  1888.) 

Ali^  strangers  visiting  this  district  are  struck  with  the  peculiar 
manner  in  which  the  pig-iron  is  graded.  There  are  eleven  regular 
grades,  besides  which,  when  gray  forge  is  ordered,  one-half  of  Nos.  1 
and  2  Mill  are  shipped.  Occasionally  there  is  another  grade  known 
as  Silvery  ^lill,  which  is  made  so  seldom  that  I  cannot  describe  it, 
and  have  no  sample  to  exhibit. 

Most  of  you  have  found  it  difficult  to  grade  properly  and  uni- 
formly under  the  simpler  system  which  obtains  elsewhere,  and  can 
consequently  readily  imagine  the  increased  difficulty  with  us.  Each 
furnace  employs  an  "  expert,"  and  even  with  this  precaution,  the 
system  is  not  conducive,  at  all  times,  to  amicable  relations  between 
buyers  and  sellers.  I  am  told  that  it  was  adopted  at  the  time 
Southern  irons  were  seeking  a  market;  but  it  still  remains,  although 
the  time  has  come  when  our  iron  is  sought  for  and  has  obtained  for 
itself  a  i)lace  in  the  markets  of  the  country. 

The  grades  are  as  follows: 
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No.  1  Foundry,  a  large-grained,  dark-colored  iron  with  crystalli- 
zation extending  well  out  to  the  edges  of  the  pig.  In  my  experi- 
ence but  little  of  it  is  made,  and  I  am  inclined  to  regard  it  more  as  a 
freak  than  a  product.  An  average  of  three  analyses  shows  3.(j6  per 
cent,  silicon  in  this  grade. 

No.  2  Foimdry  is  the  equivalent  of  a  No.  ]  Foundry  at  the  North. 
An  average  of  eighteen  analyses  gives  3.02  per  cent,  silicon. 

No.  2h  Foundry  corresponds  to  No.  2  Foundry  elsewhere.  An 
average  of  eight  analyses  shows  3.02  per  cent,  silicon. 

No.  1  Mill  is  also  known  as  No.  3  Foundry,  and  in  it  are  included 
irons  which  are  not  quite  good  enough  for  2J  Foundry,  and  also 
those  wliich  are  equal  to  what  Is  known  as  gray  forge  in  the  Lehigh 
Valley  and  vicinity.  The  best  of  this  iron  is  used  for  foundry  pur- 
poses.    An  average  of  four  analyses  gives  2.87  per  cent,  silicon. 

No.  2  3Iill  is  between  1  Mill  and  Mottled,  and  contains  2.44  per 
cent,  silicon  as  an  average. 

No.  1  C.  is  open-grained  silver-gray.  I  have  but  one  analysis, 
which  shows  5.25  per  cent,  silicon. 

No.  2  C.  is  close-grained  silver-gray.  Average  of  three  analyses, 
7.09  per  cent,  silicon. 

No.  1  Bright  is  a  foundry-iron  which  is  light  in  color  but  open 
grained.  It  is  made  by  every  furnace  in  every  district,  at  times; 
but  it  is  only  in  this  section  that  it  is  separated  from  the  foundry- 
irons.  Elsewhere  it  would  be  shipped  as  No.  1  Foundry.  Average 
of  three  analyses,  3.69  per  cent,  silicon. 

No.  2  Bright  is  one  grade  lower;  is  closer-grained;  and  the  aver- 
age of  fourteen  analyses  is  3.11  per  cent,  silicon.  Elsewhere  it 
would  be  a  No.  2  Foundry. 

To  complete  the  number,  we  have  Mottled  and  White,  which  are 
the  same  here  as  elsewhere. 

An  idea  has  been  prevalent  for  a  long  time  that  Southern  irons 
are  highly  siliconized  and  weak;  that  the  product  of  tjie  furnaces 
is  not  foundry,  but  chiefly  of  the  lower  grades;  and  that  the 
lower  grades  are  sold  with  difficulty.  The  preceding  analyses 
show  that  the  foundry-irons  do  not  contain  more  silicon  than  irons 
of  the  same  grade  in  other  districts;  the  mill-irons  are  higher  in 
silicon  than  those  of  Glendon  and  Andover,  but  they  are  sold  with- 
out difficulty.  As  to  the  product  of  the  furnaces,  I  will  give  the 
percentages  of  each  grade  which  one  of  the  furnaces  under  my 
charge  made  durino-  ten  months'  workino;  under  verv  disadvanta- 
geous  circumstances.  Other  furnaces  in  the  district  have  undoubtedly 
done  much  better;  and  these  figures  are  not  given  as  typical,  but 
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merely  to  sliow  that  we  do  make  foundry-iron,  and  that  the  groater 
portion  of  our  product  is  not  of  Ki\ver  irradcs. 

The  averat^e  of  twenty-seven   determinations  of   phosphorus  is 

0.66  per  cent. 

I'crc(iitn(/e)<  of  Grades  made. 

No.  1  Fomidry, 0.27 

No.  2  Foniulry 2r).23 

No.  2i  Foundry, 11).48 

No.  1  Mill, ;33.82 

No.  2  Mill, •        .  6.85 

No.  1  C, 0.56 

No.2C., 1.39 

No.  1  Bright, 6.07 

No.  2  Bright, 2.76 

Mottled, 2..'38 

AVhite 0.19 

lOU.UO 
Calling  the  Bright  irons  foundry,  which  they  are,  the  proportion 
of  foundry-iron  made  was  54.81  per  cent.;  probably  half  the  1  Mill 
would  have  been  classed  as  foundry  elsewhere.  These  results  are 
not  considered  as  the  ne-plus-uUra  of  furnace-work,  but  will  show 
what  we  are  doing,  and  also  that  the  impression  that  but  little 
foundry-iron  is  made  here  was  erroneous. 


THE  FEASIBILITY  OF  USING  CHEAPER  FUELS  IN  THE 
BLAST-FUBNAGE. 

BY  JACOB  T.   WAIN  WRIGHT,   PITTSBURGH,   PA. 

(Birmingham  Meeting,  May,  1888.) 

The  object  of  this  paper  is  to  describe  some  efforts  and  observa- 
tions by  the  writer  relating  to  this  subject. 

Although  the  usual  type  of  blast-furnace  is  a  most  efficient  device 
for  smelting  and  melting  purposes,  it  is  not  suitable  for  utilizing  the 
cheaper  gr^ides  of  fuel,  such  as  coal-slack  and  certain  ga.seous  fuels. 

This  problem  not  only  involves  the  consideration  of  the  furnace 
as  a  suital)le  ai)paratus,  but  also  enibraces  the  consideration  of  the 
chemical  and  caloritic  properties  of  the  proposed  fuel. 

In  the  hearth  of  the  ordinary  blast-furnace  an  extremely  high 
temperature  is  maintained.  This  extreme  temperature  is  due  to  the 
complete  combustion  of  the  fuel  in  the  hearth,  and  before  the  gases 
reach  the  zone  of  fusion  their  temperature  is  reduced,  by  the  absorp- 
tion of  carbon,  2300  degrees  Fah. 

In  a  smelting-furnace,  the  maintenance  of  this  extreme  tempera- 
ture at  the  hearth  becomes  useless  when  it  can  be  reduced  without 
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altering  the  condition,  or  calorific  effect  of  the  redncing  gases  result- 
ing from  combustion.  This  can  be  accomplished  by  providing  an 
auxiliary  combustion-chamber,  and  passing  the  gases  thence  into 
the  hearth  and  upward  through  the  stack. 

By  this  method  the  temperature  of  the  hearth  is  under  control, 
and  may  be  elevated  when  necessary.  Also,  scaffolding  is  avoided, 
since  a  melting  temperature  is  continuously  maintained.  Moreover, 
by  this  method  impurities  that  may  be  contained  in  the  fuel  are  oxi- 
dized before  being  brought  into  contact  with  the  metal,  which  seems 
to  prevent  their  absorption  by  the  latter. 

By  means  of  a  structural  device  for  supporting  the  burden,  1 
have  operated  a  furnace  of  this  description.  This  furnace  consisted 
of  a  vertical  shaft,  with  an  auxiliary  combustion-chamber  leading 
into  the  hearth.  Above  this  hearth,  wrought-iron  tubes  encircled  by 
fire-clay  tiles  were  placed  across  the  shaft  to  form  a  support  for  the 
furnace-charge,  with  sufficient  space  between  to  allow  the  gases  to 
ascend  and  permeate  the  burden,  and  also  to  allow  molten  material 
to  descend  into  the  hearth.  These  tubes  were  cooled  by  a  blast  of 
air  passing  through  them,  the  object  being  to  prevent  their  being 
destroyed  by  the  extreme  heat  in  the  interior  of  the  furnace. 

In  this  furnace  I  used  natural  gas  as  fuel,  and  demonstrated  that 
pig-iron  could  be  melted  without  charging  any  fuel  with  the  metal, 
and  that  ore  could  be  smelted  with  about  15  per  cent,  of  the  amount 
of  coke  usually  employed. 

The  feasibility  of  separating  the  greater  portion  of  the  fuel  from 
the  burden  having  thus  been  demonstrated,  the  question  suggests 
itself,  why  not  use  a  cheap  fuel  in  such  a  combustion-chamber,  and 
what  cheap  fuels  are  suitable  for  this  purpose? 

In  answer  I  would  say,  that  a  carbonaceous  fuel  which  does  not 
contain  too  large  a  proportion  of  diluents  will  answer.  The  usual 
diluents  are  combined  oxygen,  hydrogen,  and  nitrogen.  Hydrogen 
becomes  a  diluent  in  this  case,  because  at  high  temperatures  and  in 
the  presence  of  free  carbon  it  will  not  combine  with  oxygen. 

In  reviewing  the  various  cheap  fuels,  it  may  be  remarked  that 
coal-slack  is  a  most  desirable  fuel  for  this  purpose,  since  in  its  use 
the  temperature  of  the  reducing  gases  would  not  be  greatly  lowered. 
Next  in  order  might  be  mentioned  petroleum,  which  contains  about 
84  per  cent,  carbon,  14  per  cent,  hydrogen,  and  2  per  cent,  oxygen. 
In  this  case,  the  temperature  of  the  reducing  gases  would  be  700 
degrees  Fah.  lower  than  from  coke.  Natural  gas,  which  contains 
about  75  per  cent,  carbon  and  25  per  cent,  hydrogen,  would  produce 
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rcdiiciiit;  gases  1100  degrees  Fah,  lower  in  temperature  than  from 
coke.  These  deficiencies  in  teniperatinv,  liowever,  may  be  overcome 
by  means  of"  hot-bhist  stoves. 

Carbonic  oxide,  producer-gas,  water-gas,  and  hydrogen,  are  unfit 
for  tlii.s  jMirj)ose,  because  they  do  not  contain  ciirbon  which  is  not 
combined  with  oxygen. 

Fia.  1. 


Q 


Cupola  Furnace  Using  Gaseous  Fuel. 


^5^^^ 


^^^^^^^^^ 


The  following  table,  relating  to  the  combustion  of  various  kinds 
of  fuel,  shows  some  interesting  facts  from  which  the  relative  value 
of  these  fuels  can  be  readily  deduced: 
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JO  uoijsnq nioo  ajaidtuoDni 

100      DETERMINATION   OF    PHOSPHORUS    IN    IRON    AND   STEEL. 


Data  Used  in  Computing  this  Table. 


Weight  of  1  cubic  foot  of 


0 

.0892  pound 

CO 

.0780      " 

CJTj 

.0795       " 

CM, 

.0011       " 

II 

.0056      " 

itrogen 

.0784      " 

air 

.0807       " 

Specific  heat  of  water 1.0000 

"  liyilrogen, 3.4090 

"  nitrogen, 2438 

"  CO,, 20246 

"  CO, 2450 

"  steam  (IIjO), 4805 

Atomic  weight  of  oxygen, 15.96 

"                  hydrogen, 1.00 

"                  nitrogen, 14.01 

"                  carbon, 11.97 

Total  heat  units  (British  Association)  resulting  from  combustion  of: 

One  pound  of  C  to  make  CO^,  = 14500 

C        "        CO,  = 4400 

"  II        "       U/),  — 62032 

Composition  of  dry  air  by  weight : 

Oxygen,   .,....,«.    .23 

Hydrogen, ,    .77 
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BY  PORTER   W.  SHIMER,  M.E.,  EASTON,  PA. 

(Birmingham  Meeting,  May,  1888.) 

The  solution  used  in  the  following  method  for  phosphorus-de- 
termination is  the  filtrate  obtained  in  the  nitric  and  sulphuric  acid 
method  for  the  determination  of  silicon  {Transactions,  vii.,  346). 
This  filtrate,  being  easily  and  quickly  obtained,  and  always  quite 
free  from  silica,  is  a  desirable  one  for  phosphorus- precipitation.  In 
order,  however,  to  get  all  the  phosphorus  in  a  precipitable  form  the 
solution  must  be  made  under  conditions  more  strongly  oxidizing 
than  simple  solution   in    boiling  nitric  acid.     In  a  solution   thus 
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matle  I  have  found  that  the  presence  of  a  moderate  amount  of 
free  sulphuric  acid  does  not  prevent  complete  precipitation  of  the 
phosphorus. 

The  method  in  detail  is  as  follows  :  Dissolve  1  grm.  of  iron  in 
20  c.c.  HXO3,  sp.  gr.  1.20.  Add  to  the  boiling  solution  10  c.c, 
potassium  permanganate  solution  (20  grams  to  1000  c.c.  water, 
filtered),  2h  c.c.  at  a  time.  After  a  few  minutes,  when  the  perman- 
ganate is  decomposed,  leaving  a  heavy  precipitate  of  MnOg,  add  5 
c.c.  HCl,  1.12  sp.  gr.  When  the  elFervescence  due  to  the  escape  of 
chlorine  has  ceased,  add  a  mixture  of  5  c.c.  strong  H^SO^  and  5  c.c. 
water.  Remove  the  watch-glass  and  evaporate  till  fumes  of  SO3 
begin  to  come  off.  Allow  to  cool  and  add  5  c.c.  HXO3,  1.20  sp. 
gr.,  and  enough  water  to  dissolve  the  residue.  Boil  till  all  iron  salts 
are  dissolved  and  filter,  washing  with  water  alone.  Set  aside  the 
filtrate  for  phosphorus-determination.  It  need  not  be  concentrated 
by  evaporation  when  unnecessary  excess  of  wash-water  is  avoided. 
For  silicon  the  residue  should  be  washed  a  few  times  with  HCl  and 
water  to  remove  possible  traces  of  iron,  but  these  washings  should 
not  be  added  to  the  phosphorus  solution.  The  latter  is  heated  to 
80°  C.  and  50  c.c.  ammonium  molybdate  solution  is  added  (5  grms. 
M0O3,  20  c.c.  XH.HO,  sp.  gr.  0.96,  and  30  c.c.  HXO3,  sp.  gr.  1.20). 
Heat  to  60^  C.  till  the  supernatant  liquid  is  perfectly  clear.  When 
the  solution  is  not  too  dilute,  precipitation  is  complete  in  less  than 
one  hour.  The  yellow  ])recipitate  is  filtered  oif,  washed  with  acid 
ammonium  nitrate  solution,  dissolved  in  ammonia  and  precipitated 
by  magnesia  mixture.  The  ammouiacal  solution  is  more  generally 
colorless  and  clear  than  that  obtained  by  the  usual  method.  When- 
ever this  solution  is  not  perfectly  clear  and  colorless,  it  is  my  custom 
to  dissolve  in  HCl  whatever  gelatinous  residue  there  may  be  upon 
the  paper,  allowing  the  acid  solution  to  drop  into  the  amraoniacal 
filtrate  below  until  it  becomes  acid,  thus  throwing  down  the  yellow 
precipitate.  Add  a  slight  excess  of  ammonia  and  boil  for  a  few 
minutes.  Filter  off  the  precipitate,  dissolve  it  on  the  paper  in  a 
few  drops  of  HXO3,  ^^^^  ^^^  ammonium  molybdate  solution.  Add 
the  ammoniacal  solution  of  the  yellow  precipitate  thus  obtained  to 
the  main  solution.  The  latter  is  then  precipitated  with  magnesia 
mixture  in  the  usual  manner. 

When  solution  of  the  iron  is  made  as  above,  no  phosphorus  can 
escape  complete  oxidation,  for  it  is  subjected  to  the  following  oxi- 
dizing agencies:  Solution  in  boiling  HXO3,  action  of  potassium  per- 
manganate solution,  action  of  chlorine  given  off  by  reaction  of  HCl 
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on  precipitate  of  MnO^,  action  of  chlorine  given  off  by  mixture  of 
strong-  TTCl  and  HNO.„  evaporation  and  heating  till  futnes  of  SO3 
appear,  solution  of  residue  in  water  and  IINO3.  These  agencies 
may  also  be  desirable  for  the  oxidation  of  silicon,  for  there  is  reason 
to  suspect  that  this  element  is  not  easily  oxidized  in  some  irons. 

The  following  are  some  comparative  results  obtained.  The 
"standard"  method  is  the  usual  one  of  solution  in  HNO^;  evapo- 
ration to  hard  dryness;  solution  of  residue  in  HCl ;  replacement  of 
HCl  by  UNO.,,  precipitation  by  molybdate  solution,  and  final  pre- 
cipitation by  magnesia  mixture. 

standard  Method 

Method.  Above  Described. 

Phos.  per  cent.  Phos.  per  cent. 

r  1.75  1.74 

A, ]  1.76 

i  1.76 

g  f  3.623  3.639 

' I  3.641  3.637 

C, 0.560  0.558 

D, 0.394  0.397 

E 0.582  0.588 

p  f  0.073  0.072 

' t-  0.074 

G, 0.749  0.749 


In  the  Bessemer  iron  ("  F  ")  5  grms.  iron  and  8  c.c.  HgSO^  were 
u.sed.  Sample  "  B  "  is  a  white  iron,  containing  2.27  per  cent,  com- 
bined carbon  and  0.08  per  cent,  graphite.  In  sample  "G,"  Mr.  Lee 
S.  Clymer,  Chemist  of  the  Durham  Iron  Works,  obtained  by  the 
usual  acetate  method  0.743  per  cent.,  and,  by  applying  the  acetate 
method  to  the  filtrate  from  the  silicon  as  above,  he  obtained  0.743, 
0.740  per  cent,  phosphorus. 

The  exactness  with  which  the  kind  and  amount  of  free  acid  can 
be  controlled  in  this  solution  for  molybdate-precipitation,  and  the 
comparative  purity  of  the  yellow  precipitate  in  case  of  titanic  irons, 
would  probably  make  it  well  adapted  either  for  weighing  directly 
or  for  solution,  reduction,  and  titration,  according  to  the  method 
described  by  F.  A.  P^inmerton,  Tr  an  sad  ions,  xv.,  93. 

N.  H.  Muhlenberg  and  Thomas  M.  Drown  {Transactions,  x.,  85, 
329)  evaporate  the  solution  of  the  iron  in  nitric  and  sulphuric  acids 
to  dryness  and  heat  till  SO3  fumes  cease  coming  off.  The  phos- 
phorus-results obtained  in  this  way  are  accurate,  but  the  silicon- 
results  are  too  high.  It  is  unnecessary,  however,  to  drive  off  dense 
volumes  of  these  irritating  fumes,  for  complete  precipitation  de- 
pends,  not    upon    the   ab.sence  of    free  sulphuric   acid,   but    upon 
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complete  oxidation  of  pliospliorns,  and  of  the  carbon  compounds 
resulting;  from  solution  of  combined  carbon  in  nitric  acid.  More- 
over,  a  certain  amount  of  free  sulphuric  acid  is  necessary  for  a  good 
silicon  determination. 

It  may  be  interesting  to  add  the  results  of  a  few  experiments  with 
a  molybdate  solution  containing  suli)huric  acid  in  place  of  nitric 
acid.  The  solution  for  phosphorus-precipitation  was  made  as  above, 
with  the  exception  that  the  residue  on  evaporation  with  HjSO^  was 
dissolved  in  water  alone,  instead  of  water  and  nitric  acid.  This 
solution  was  heated  to  80®  C.  and  precipitated  by  a  molybdate  solu- 
tion, made  by  dissolving  5  grms.  M0O3  in  20  c.c.  NH^HO,  sp.  gr. 
0.96,  and  adding  80  c.c.  dihite  11,80,  (1  part  strong  H2SO4  to  4 
parts  water).  After  heating  for  one-half-hour  to  60° C.  precipitation 
was  complete.    The  following  are  the  results : 

By  Use  of 
By  Standard  Sulphuric  Molyb- 

Method.  date  Solution. 

Phos.  per  cent.  Plios.  per  cent. 

A, 1.75  1.75 

B,        .        • 3.63  3.64 

It  will  be  noticed  that  in  these  precipitations  sulphuric  acid  and 
ammonium  sulphate  completely  take  the  i)lace  of  nitric  acid  and  am- 
monium nitrate.  Another  experiment  on  the  iron  marked  "B,"  in 
which,  however,  25  c.c.  more  free  sulphuric  acid  was  present  than 
in  the  above  tests,  gave  only  3.09  per  cent,  phosphorus,  showing 
that  a  too  large  excess  of  free  sulphuric  acid,  like  too  large  an  excess 
of  free  nitric  acid,  prevents  complete  precipitation. 
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BY  W.  S.  HUNGERFORD,  LOW  MOOR,  VA. 

(Birmingham  Meeting,  May,  1888.) 

As  several  papers  on  the  subject  of  mining  in  soft  ore-bodies 
have  recently  appeared  in  the  Transactions  and  in  the  Engineering 
and  Mining  Journal,  the  following  brief  account  of  the  method  in- 
troduced by  the  Avriter  at  Low  Moor,  Va.,  may  be  of  interest.  It  is 
in  some  respects  similar  to  the  system  at  Longdale,  Va.,  referred  to 
in  Mr.  Rothwell's  paj)er,  though  diflPering  in  many  of  its  details. 
That  system  has  been  employed  by  the  Longdale  Iron  Company  for 
many  years,  and  to  that  company  the  writer  is  indebted  for  many 
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valuable  suir_2i;osti()ns.  The  inetliod  here  deseribed  will  also  be  recog- 
nized as  embodying  the  same  general  principles  as  that  described  by 
Mr.  Goudie  in  the  Engineering  and  Mining  Journal  and  the  one 
j)roposed  in  Mr.  Rotlnvell's  j)aper  above  mentioned.  It  is  not 
claimed  that  the  system  here  deseribed  contains  any  improvements 
over  those  above  referred  to;  and  it  is  given  only  as  showing  actual 
exj)erience  with  this  method  of  mining. 

The  ore-bodies  at  Low  Moor  lie  in  a  vein  which,  for  the  purposes 
of  this  description,  is  supposed  to  have  a  dip  of  60°  and  a  thickness 
of  30  feet.  These  are  in  fact  somewhere  near  its  average  conditions, 
though  much  irregularity  exists;  the  dip  in  different  portions  of  the 


Fig.  I 

SECTION    THROUOH 

A\,  B.C.     FIG. 2 


Cross-section  through  Slope  and  Level,  at  Low  Moor,  Va.,  on  Line  B  C  of  Fig.  2. 

mines  varying  from  vertical  to  nearly  horizontal,  and  the  thickness 
from  10  to  40  and  even  60  feet.  The  ore  is  generally  soft,  and  all 
drifts  require  close  timbering.  If  several  drifts  near  each  other, 
either  one  above  the  other  or  on  the  same  level,  are  left  standing 
long,  the  ore  will  "creep,"  throwing  timbers  out  of  line  and  even 
heaving  the  bottom  badly.  In  the  portion  of  the  vein  here  described 
the  hanging-wall  is  a  band  of  broken  flint  and  clay  and  the  foot-wall 
is  sand-rock,  with  or  without  loose  sand.  The  vein  here  is  really 
inverted,  the  sand-rock  being  usually  the  hanging-wall  of  the  veins 
of  this  region. 

Main  levels  (A,  Figs.  1  and  2)  are  driven  in  the  vein  along  its 
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Strike,  fJO  to  80  feet  apart  vertically,  starting  from  the  surface  on 
the  side  of  the  hill  or  from  a  hoistin<2;-shaft  in  the  valley. 

They  are  usually  on  the  flint  wall  (see  Fig.  1)  whether  it  be  the 
foot  or  the  hanging,  because  the  flint  is  a  better  guide  in  following 
the  vein.  These  levels  are  driven  along  the  vein  to  such  a  distance 
from  the  hoisting-shaft,  as  may  be  n^quired  to  reach  all  tlie  ore  which 
it  is  intended  to  raise  throntih  that  slial'l — in  some  instances  over 
half  a  mile.  Iloisting-shafls  might  have  been  sunk  at  more  fre- 
quent intervals,  but  the  mountainous  character  of  the  country  and 
the  difficulty  of  surface-trausportation  seemed  to  determine  their 
location.  While  the  main-levels  are  being  driven  the  pillar  between 
two  levels  is  usually  left  untouched,  exce|)t  by  up-raises  connecting 
the  two  levels  every  400  to  600  feet  for  the  purpose  of  ventilation. 
When  the  levels  are  completed,  the  portions  of  two  levels  farthest 
from  the  hoisting-shafts  are  connected  with  up-raises  (a,  a,  Fig.  2), 
60  to  75  feet  apart,  two  or  three  up-raises  are  joined  by  air-drifts 
(6,  6,  Figs.  1  and  2)  and  the  ground  is  ready  for  stoping.  The 
timber  in  the  air-drifts  is  recovered  in  stoping.  The  stopes  are  12 
to  15  feet  high,  each  pillar  betw-een  two  main  levels  making  4  to  6 
stopes.  As  soon  as  a  stope  is  worked  out  for  40  to  60  feet  along  the 
vein  a  floor  is  laid,  consisting  of  sills  covered  with  refuse  timber  or 
slabs,  and  the  props  are  shot  down.  The  waste  material  from 
above  j>acks  solidly  upon  this  floor,  and  in  a  short  time  the  next 
lower  stope  can  be  worked,  using  the  floor  previously  laid  as  a  roof 
to  hold  the  waste  material  from  the  ore.  A  stope  40  to  60  feet 
long,  measured  along  the  vein,  is  begun  in  the  drifts  b,  b,  by  first 
mining  the  ore  above  the  drift-timbers  till  the  floor  of  the  next  stope 
above  is  reached,  and  setting  props.  The  face  of  the  ore  for  the 
length  of  the  stope  is  then  mined  back  to  the  opposite  wall,  as  shown 
at  d,  Fig.  1.  The  ore  is  dumped  into  the  chutes,  a,  a,  a,  and  drawn 
from  them  into  cars  on  the  main  levels  A,  and  hauled  by  mules  to 
the  surface  or  to  the  hoisting-shaft. 

Fig.  2  represents  a  vertical  projection  along  the  strike  of  the  vein, 
showing  three  stopes.  The  middle  one  is  completed  and  the  floor 
is  laid  ready  for  shooting  down  the  timbers. 

Fig.  1  represents  a  section  on  line  B  C  of  Fig.  2. 

When  the  vein  is  12  feet  or  less  in  thickness,  so  that  a  single 
prop  will  reach  from  wall  to  wall,  the  method  is  somewhat  modified. 
A  stope-drift  is  driven  a  short  distance  above  the  main  level,  par- 
allel with  it,  and  connected  with  it  by  chutes  at  intervals  of  about 
50  feet.     The  ore  is  then  stoped  from  this  drift  to  the  next  up[)er 
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main  level,  props  being  placed  from  wall  to  wall.  These  props  are 
eventually  shot  down,  and  the  waste  material  is  caught  by  a  horizontal 
floor  which  will  serve  as  a  roof  for  the  next  lower  stope,  as  before. 
In  this  way  the  timber  for  a  number  of  floors  is  saved,  but  the 
modification  is  only  of  advantage  where  the  vein  is  narrow  enough 
to  permit  a  single  prop  to  reach  from  wall  to  wall,  and  where,  more- 
over, the  hanging-wall  is  fairly  good. 

In  this  way  all  the  ore  is  mined;  no  filling  is  required  and  the 
work  is  comparatively  safe. 

During  the  past  four  years,  with  an  average  of  about  200  men 
employed,  there  have  been  but  two  fatal  accidents.  In  one  of  these 
eases  a  boy  fell  down  a  shaft;  in  the  other  a  man  was  crushed  by  a 
fall  of  ore.  The  latter  accident  happened  before  the  present  system 
was  adopted. 

The  country-rock  is  soft  and  readily  fills  in  the  cavities  formed. 
It  breaks  to  the  surface,  which,  in  places,  is  500  feet  above  the 
work.  The  surface-damage  is  here  no  consideration,  nor  does  the 
surface-water  giv^e  much  trouble,  though  in  some  instances  arrange- 
ments must  be  made  to  conduct  it  around  the  surface-breaks. 

This  method  has  been  in  use  at  Low  Moor  for  about  three  years. 
The  annual  production  has  been  about  50,000  tons  of  clean  ore;  or, 
allowing  for  loss  in  washing,  more  than  double  that  amount  of  ma- 
terial, all  of  it  from  underground  mining. 


THE  PETITE  ANSE  SALT-MINE. 

BY  RICHARD  A.  POMEROT,  NEW  IBERIA,  LA. 

(Birmingham  Meeting,  May,  1888.) 

This  mine,  known  also  as  the  Avery  Mine,  is  situated  on  Petite 
Anse  Island,  Iberia  Parish,  Louisiana.  The  island  is  about  four 
miles  from  Vermillion  Bay,  an  arm  of  the  Gulf  of  Mexico,  and 
is  one  of  four  islands  or  hills  surrounded  by  the  sea-marsh,  as  shown 
in  the  accompanying  map.  (Fig.  1.)  A  fifth,  Joe  Jefferson's  Island, 
or  hill,  is  some  distance  from  the  sea-marsh.  These  five  islands : 
Belle  Isle,  Cote  Blanche,  Grand  Cote,  Petite  Anse  and  Jefferson,  ap- 
})ear  to  be  the  tops  of  submerged  hills,  and  occupy  a  line  having  nearly 
a  northwest  trend.  To  the  north  are  a  series  of  hillocks  that  extend 
at  intervals  to  the  hills  of  Northern  Louisiana,  which  in  turn  appear 
to  run  into  the  Ozarks  of  Arkansas.  Near  the  mine  there  is  sand- 
stone, also  a  thick  vein  of  lignite.    Bones  of  the  mastodon  have  been 
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foutul  in  considerable  quantity  in  this  nei*];hborhood,  and  some  speci- 
mens have  been  sent  to  the  Smithsonian  Institution. 

I  will  not  give  here  a  geological  description  of  the  country,  since 
this  has  been  abundantly  done  already  by  Hilgard,  Goessmann, 
Thomassy,and  otiier  able  writers.    It  will,  doubtless,  be  sufficient  to 


Fig.  1. 


call  the  reader's  attention  to  the  accompanying  geological  section  of 
Petite  Anse  Island  (Fig.  2),  copied  from  Prof.  E.  W.  Hilgard's  map. 
The  salt-mine  and  Petite  Anse  Island  are  owned  by  the  Avery 
family,  an  old  and  honored  family  in  Louisiana.  The  New  Iberia 
Salt  Company  is  the  lessee,  J.  C.  Haskell  being  general  superin- 
tendent, S.  L.  McCalla,  mining  engineer,  and  John  Hamilton,  mill 
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superintendent.  As  far  back  as  the  beginning  of  the  present  century 
salt-springs  were  known  to  exist  on  the  ishiiul,  wells  had  been  dug 
and  salt  made  for  local  consumption.  Duiing  the  war  much  of  the 
southern  country  was  cut  oil'  IVoni  its  supply  of  salt,  and  the  island 
became  a  busy  place  for  its  manufiicture.  The  supply  of  brine 
proving  insntticient,  an  old  well  was  cleaned  out  under  the  direction 
of  Mr.  John  M.  Avery.  In  digging  this  well  still  deeper  the 
negro  at  work  told  his  master  that  he  had  struck  a  log  and  could  go 
no  further,  whereuiion  Mr.  Avery  descended  and  discovered  a  hard 
rocky  substance,  which  upon  examination  proved  to  be  pure  rock- 
salt.  This,  the  first  discovery  of  the  salt,  was  made  at  a  depth  of 
only  IG  ieet.  It  put  an  end  to  the  manufacture  by  evaporation. 
Pits  of  rectangular  form  were  sunk  and  the  earth  was  stripped  from 
the  salt,  which  was  blasted  out  by  underhand  stoping.  Wagons  by 
the  thousand  were  used  to  transport  the  rock-salt.  Upon  the  occu- 
pation of  the  country  by  the  Federal  forces  the  work  of  mining  was 
suspended. 

The  depth  of  the  salt  has  never  been  determined,  but  the  surface- 
area  underlain  by  the  deposit  is  estimated  to  be  about  150  acres. 
The  salt  is  very  pure  and  compares  favorably  with  various  rock-salts 
and  with  products  of  evaporation-pans,  springs,  wells  and  lakes. 
The  following  table  of  analyses  of  salt  speaks  for  itself.  In  the 
analysis  of  the  Avery  salt,  many  eminent  chemists  agree. 

Analyses  of  Salt. 
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The  galleries  of  the  second  level  are  run  80  feet  in  width  and  45 
feet  in  height,  leaving  supporting  ]>illars  60  feet  in  diameter.  The 
lower  pillars  are  so  left  (liat  the  weight  of  the  upper  ones  rests  upon 
them  in  part,  if  not  wholly,  with  a  thickness  of  at  least  25  feet  of  salt- 
rock  between. 

There  are  16  to  25  feet  of  earth  above  the  salt-deposit.  The  con- 
tour of  the  latter  conforms  nearly  with  that  of  the  surface.  The 
working-shaft  is  168  feet  deep.  The  depth  to  the  first  level  or  floor 
is  90  feet;  to  the  second,  70  feet  further.  The  remaining  8  feet  are 
used  for  a  dump.     The  galleries  of  the  first  level  were  run,  on  an 

Fig.  3. 


Sketch  Illustrating  Method  of  Extraction  in  the  Petite  Anse  Salt-Mine. 

average,  40  feet  in  width  and  25  feet  and  upwards  in  height,  leaving 
supporting  pillars  40  feet  in  diameter. 

Fig.  3  is  a  rough  draft  of  a  vertical  section.  The  galleries  cross 
each  other  at  right-angles  and  the  ground-plan  strongly  resembles  a 
chess-board. 

Galleries  aggregating  nearly  one  mile  in  length  have  been  run  on 
the  upper  level  and  some  700  feet  on  the  lower. 

The  stratification-plans  are  clearly  denoted,  and  at  first  sight  ap- 
pear to  have  been  thrown  into  a  vertical  position  throughout;  but  a 
close  examination  reveals  the  fact  that  the  structure  is  folded,  and 
shows  three  anticlinal  axes  in  the  first  level  with  the  corresponding 
synclinals^in  the  lower  level.  In  Harper's  3fonthly  Magazine  for 
May,  1888,  will  be  seen  (p.  909)  a  cut  of  a  salt-quarry  at  Iletsk,  in 
which  the  structure  is  folded.  The  method  of  working  shown  is 
similar  to  that  formerly  employed  at  the  Avery  Salt-Mine. 

In  running  a  gallery  the  first  work  is  the  "undercutting"  on  the 
level  of  the  floor,  of  sufficient  height  to  enable  the  miners  to  work 
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with  ease.     The  salt    is   then    blasted  down  i'vom   the  overhanging 
body.     The  yearly  output  is  about  50.000  tons. 

I  am  indebted  to  Major  MeCalla,  the  mining  engineer  of  the 
company,  for  ini])<)rtant  data,  and  also  for  the  following  statement, 
whieh  I  give  on  his  authority  : 

"The  salt  as  it  comes  from  the  mine  is  dumped  into  corrugated 
cast-iron  rolls  which  crush  it.  Next  it  goes  into  revolving  screens 
which  take  out  the  coarser  lumps  for  'crushed  salt'  and  let  the  fine 
stutl'pass  to  the  buhr-stones.  These  grind  the  salt,  and  from  them 
it  goes  to  the  pneumatic  separators,  which  take  out  the  dust  and 
separate  the  market  salt  into  various  grades.  Taking  the  dust  out  is 
essential  to  the  production  of  a  salt  that  will  not  harden,  since  the  fine 
particles  of  dust  deliquesce  readily  and  on  drying  cement  the  coai-se 
particles  together.  The  drill  used  in  the  mine  is  what  is  known 
as  the  '  Russian  auger.'  It  is  turned  by  hand  and  forced  by  a  screw 
of  12  threads  per  inch.  The  holes  take  cartridges  1 J  inches  diam- 
eter. Two  men  will  bore  75  feet  of  hole  per  working-day  of  8  hours. 
Three-quarters  of  a  pound  of  18  per  cent,  dynamite  is  used  {)er  ton 
of  salt  mined." 

Petite  Anse  Island  is  ten  miles  from  New  Iberia,  with  which  it  is 
connected  by  rail. 

Unlike  the  barrenness  that  so  often  surrounds  mines,  the  island  is 
a  beautiful  park,  with  forests,  grassy  parterres,  miniature  lakes  and 
streams.  Sugar  cane,  cotton,  corn,  the  Tabasco  pepper,  and  a  pro- 
fusion of  flowers  grow  here.  The  scenery  is  indescribably  charming. 
The  Teche  is  a  lovely  meandering  bayou,  the  banks  of  which  are 
fringed  with  live  oak,  cypress,  pecan,  ash  and  willow.  It  is  the 
scene  of  busy  industry.  Along  it  are  saw-mills,  shingle-mills, 
brick-kilns,  ice  factories,  machine-shops,  cotton-seed  oil-mills,  sugar- 
factories  and  cotton-gins.  Cotton  and  other  factories  would  cer- 
tainly thrive  here.  Steamboats  are  constantly  plying  upon  the 
bayou,  some  to  New  Orleans,  some  to  Morgan  City,  and  some  between 
minor  local  points.  The  Teche  is  not  a  sluggish  stream  ;  its  banks 
are  high,  and  the  country  is  never  overflowed.  The  soil  is  excellent, 
and  the  climate  healthy  and  delightful.  The  farmer,  accustomed  in 
the  North  to  interruptions  from  snow  and  ice,  can  here  work  out  of 
doors  every  week  in  the  year.  Invalids  and  others,  worn  out  by 
the  rigors  of  winter,  can  recuperate  their  wasted  strength  in  this 
balmy  atmosphere.  The  sea-breezes  roll  over  the  country  and  give 
health  and  long  life  to  its  inhabitants.     The  climate  is,  in  short, 
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a  medium  between  the  tropical  and  north  temperate,  combining  most 
of  the  advantages  of  both  and  the  evils  of  neither. 

To  the  geologist  this  is  a  country  of  constant  surprises,  in  the 
form  of  materials  brought  from  distant  sources,  and  traces  of  ancient 
channels  now  abandoned.  He  finds  clay  from  the  Red  River,  allu- 
vium from  the  Mississippi,  and  sand  and  gravel  that  remind  him  of 
the  Bijou  Basin  in  Colorado.  Red  River  has  been  a  fickle  stream 
in  its  journeyings  to  the  sea,  changing  its  course  from  time  to 
time,  until  finally  it  has  lost  much  of  itself  in  the  waters  of  the 
Mississippi.  But  it  has  left  its  marks  from  the  Sabine  to  the 
Atchafalaya. 


I^OTE   ON  A   SPECULEN  OF  GILSONITE  FROM 
VINTAH   COUNTY,  UTAH. 

BY    R.    Vr.    RAYMOND,   NEAV   YORK   CITY. 

(Buffalo  Meeting,  October,  1888.) 

In  connection  with  the  paper  of  Mr.  Locke  on  Gilsonite  or 
Uintahite  {Trans.,  xvi.,  162)  read  at  the  Salt  Lake  session  of  the 
Utah  and  Montana  meeting,  in  July,  1887,  the  following  data  may 
be  of  interest  and  value. 

In  December,  1887,  I  received  from  ^Mr.  William  Wagner,  Secre- 
tary of  the  Denver  &  Rio  Grande  Railway  Co.,  a  box  of  specimens  of 
an  asphaltic  mineral  from  Utah.  In  the  course  of  the  correspondence 
which  followed,  I  learned  that  the  box  had  been  forwarded  by  Mr. 
J.  A.  McMurtrie,  of  the  firm  of  McMurtrie  &  Streeter,  railroad  con- 
tractors, Denver,  Col.  Mr.  INIcMurtrie  was,  in  1883,  chief  engineer 
of  the  Denver  &  Rio  Grande  Railway,  and  the  mineral  was  first 
brought  to  his  attention  in  that  year  by  Mr.  Thomas  H.  Wigglesworth, 
who  was  then  employed  in  making  preliminary  reconnoissances  for 
wagon-roads  to  be  used  in  constructing  the  Utah  extension  (now  the 
Denver,  Rio  Grande  &  Western)  of  the  railway.  Mr.  Wigglesworth, 
I  understand,  was  subsequently  chief  engineer  of  the  Colorado  & 
Utah  Midland,  and  is  now  again  employed  by  the  Rio  Grande. 

He  writes  substantially  as  follows  concerning  this  mineral  : 

"The  vein  from  which  the  box  of  asphalt  sent  you   was  taken,  is  about  three 
miles  east  of  Fort  Duchesne,  and  near^he  line  between  the  Uintah  and  Uncom- 
pahgre  Indian  reservations.     It  is  from  three  to  five  feet  thick,  the  difference  in 
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thickness  being  apparently  due  to  horizontal  corrugations.  The  dip  is  at  right- 
angles  to  the  formation,  which  is  about  iiorizontal,  and  the  course  is  N.  73°  W. 
The  vein  can  l)e  seen  for  some  distance  in  eacii  direction  cropping  out  on  the  ridges, 
wliere  the  wind  has  blown  the  sand  into  the  valleys.  The  formation  is  a  soft,  dark 
sandstone,  with  intercalated  layers  of  hard,  dark-red  clay.  The  asphalt  cleaves 
from  the  walls  readily  and  shows  no  signs  of  mixture  with  the  sand  or  clay  of  the 
latter.  The  vein,  where  I  saw  it,  had  been  opened  to  a  depth  of  ten  feet,  and  the 
material  showed  no  change  in  character." 

iNIr.  INIc^rm-ti'ie  adils  that  a  small  quantity  of  the  mineral  has 
been  mined  and  siii[)ped  to  St.  Louis,  for  the  manufacture  of  as- 
phaltic  paint. 

Thronoh  the  kindness  of  Prof.  T.  M.  Drown,  I  am  enabled  to 
present  an  analysis  (I.)  made  in  the  laboratory  of  the  Massachusetts 
Institute  of  Mineralogy,  of  the  sample  sent  to  me,  to  which  I  add, 
for  comparison  (I J.)  the  analysis  of  Uintahite  (Gilsonite)  made  in 
1886  by  Messrs.  Fristol  and  Lawver,   and  given    in   Mr,   Locke's 

paper,  already  cited. 

I.  II. 

Carbon, 80.88  78.43 

Hydrogen,        .         .         .         .         .         .       9.76  10.20 

Nitrogen, 3.30  2.27 

Oxygen, 6.05  8.70 

Ash, 0.01  0.40 

100.00  100.00 

At  17°  C.  Temperature 

not  stated. 

Specific  gravity, 1.06237  1.065  to  1.07 

These  figures  indicate  clearly  the  same  mineral,  and  the  physical 
and  other  characteristics  reported  from  the  jNIassachusetts  laboratory 
confirm  this  conclusion  (as  may  clearly  be  seen  upon  comparing  them 
with  the  corresponding  data  in  Mr.  Locke's  paper) : 

"Very  brittle;  breaks  with  conchoidal  fracture,  and  is  easily  powdered.  Fuses 
at  low  red  heat ;  burns  with  a  brilliant  flame  ;  is  capable  of  receiving  impressions 
from  a  seal,  like  sealing-wax.  Has  considerable  plasticity  when  warm,  and  on  cool- 
ing presents  a  smooth,  lustrous  surface,  and  is  brittle. 

"Color,  black,  lustrous;  streak  and  powder,  dark  brown. 

"Soluble  in  carbon  bisulphide  and  in  benzol ;  partially  soluble  in  oil  of  turpen- 
tine and  in  ether;  slightly  soluble  in  naphtha,  and  very  slightly  in  alcohol." 

I  think  it  more  than  probable  that  this  is  not  only  the  same 
mineral  as  that  described  by  Mr.  Locke,  but  that  it  comes  from  the 
same  locality.  Mr.  Wigglesworth,  however,  has  given  me  some  in- 
teresting facts,  indicating  a  wide  distribution  of  the  minerals  of  this 
group  in  the  Utah  region.     He  says  : 
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"  The  same  material  occurs  in  several  other  localities.  At  a  point  north  of  White 
river,  and  some  ten  miles  east  of  Green  river,  I  saw  it  outcropping  in  an  apparently 
vertical  vein,  thirteen  inches  tliick.  It  occurs  again  in  White  river  caiion,  about 
twenty- five  miles  fi-om  Ouray,  showing  about  tlie  same  characters  and  conditions, 
and  also  at  a  point  in  a  side-gulch  of  the  same  canon,  near  what  is  known  as  the 
Wagonhound,  about  thirty-five  miles  from  Ouray. 

"On  the  east  side  of  the  hog-back,  between  the  Ashley  and  Uintah  valleys,  there 
is  a  substance  which  seems  to  be  a  mixture  of  liquid  asphalt  and  sand.  It  is  very 
hard  and  tougli,  and  when  broken,  has  a  dark,  oily  appearance  on  the  fracture. 
Where  it  has  not  been  disturbed  it  lies  in  sheets.  I  have  seen  pieces  of  the  same 
material  north  of  White  river  and  about  twenty  miles  east  of  Ouray. 

"The  Ashley  hog-back  has  been  tilted  to  a  dip  of  40°  S.W.  Along  its  east 
face  there  is  a  thick  stratum  of  soft  sandstone,  saturated  witli  oil.  Tiie  same  stratum 
crops  out  on  Green  river  where  the  stream  cuts  tiirough  the  hog-back  ;  but  the  oil 
seems  to  have  seeped  out. 

"A  material  somewhat  like  that  found  near  Fort  Duchesne,  but  much  harder 
and  brighter,  resembling  jet,  occurs  on  Strawberry  creek,  either  as  a  stratum  or 
oozing  out  between  the  strata,  and  hardening  on  exposure.  The  ft)rmation  is  a 
light-colored,  thinly-bedded  sandstone,  dipping  slightly  to  the  east.  This  deposit 
can  be  traced  several  miles  by  the  signs  of  burning  on  the  sandstone.  It  has  evi- 
dently at  some  time  been  on  fire. 

"  In  1883,  I  found  on  a  bar  in  Strawberry  creek,  a  patch,  about  ten  feet  in  diame- 
ter, of  what  looked  like  a  soft  asphalt  pavement.  On  examination  it  proved  to  be 
very  tough  and  pure.  I  supposed  it  to  be  the  same  material  as  that  near  Fort  Du- 
chesne— a  piece  that  had  fallen  from  some  vein  in  the  canon,  and  had  floated  down, 
lodged  on  the  bar  and  melted.  Having  since  explored  Strawberry  caiion  without 
finding  any  such  vein,  I  am  now  inclined  to  think  it  had  oozed  out  of  the  bed  of 
the  stream  and  hardened  to  the  condition  in  which  I  saw  it." 

Mr.  AVigglesworth  says  that  he  has  heard  of  other  localities  where 
asphaltic  minerals  occur,  but  has  no  definite  information  concerning 
them.  He  is  convinced  that  the  supply  of  such  material  is  practi- 
cally inexhaustible  in  that  region. 


THE  GLENMOBE  IRON  ESTATE,  GBEENBBIEB  COUNTY, 
WEST  riBGINIA. 

BY  "WILLIAM  K.  PAGE,  POWELTON,  W.  VA. 

(Buffalo  Meeting,  October,  1888.) 

Having  recently  made  a  careful  professional  examination  of  this 
tract,  I  think  its  peculiar  geographical,  topographical  and  geological 
relations  may  prove  interesting  to  members,  not  only  because  they 
are  somewhat  unusual  in  such  a  combination,  but  also  as  presenting 
the  economical  conditions  of  a  region  not  widely  known,  at  the  west- 
ern base  of  the  Alleghanies. 
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Geographical. — This  estate  is  situated  in  Greenbrier  County,  West 
Virtiiniji,  on  Howard's  and  Antliony's  creeks,  tributaries  of  the 
Greenbrier  river,  and  thus  of"  the  Oiiio.  It  embraces  about  7000  acres 
alouii;  "  liob's  Kidge,"  covering;,  to  a  great  extent,  as  shown  l)y  the  ac- 
conjj)anyiiig  map,  Fig.  1,  the  valley  on  eitiier  side,  J5eginning  within 
three  miles  of  the  Newport  News  and  Mississippi  Valley  Railway 
(the  old  Chesapeake  and  Ohio),  at  the  White  Sulphur  Sjirings,  it 
extends  northeast  six  miles  to  Anthony's  creek,  a  large  and  reliable 
water-course  which  runs  north  of  west  to  the  Greenbrier,  about  three 
miles  distant.  Ploward's  creek,  which  occupies  both  valleys  of 
Bob's  Kidge,  contains  an  ample  water  supply  for  any  ordinary  min- 
ing or  manufacturing  purpose.  This  stream  makes  comj)aratively 
broad  vallevs  in  the  Hamilton  shales  and  Helderberg  limestones. 
Each  branch  heads  against  a  small  tributary  of  Anthony's  creek,  the 
water-sheds  between  being  sufficiently  low  to  admit  railway  crossings 
with  easy  gradient'^. 

"White  Sulphur  Springs  is  situated  within  a  few  miles  of  the  Alle- 
ghany summit,  from  which  there  is  all  down-grade  to  the  Ohio 
river;  and,  by  following  the  Richmond  and  Alleghany  Railway, 
down  the  James  river,  from  Clifton  Forge,  a  continuous  descending 
grade  has  been  established  to  the  Atlantic  seaboard.  Pittsburgh, 
distant  about  two  hundred  miles,  can  be  reached  through  ])resent 
routes,  either  by  the  Ohio  river,  or  the  Baltimore  and  Ohio  R.  R., 
which  crosses  the  N.  N.  &  M.  V.  Railway  at  Staunton. 

A  company  has  been  organized,  and  a  charter  obtained,  for  a  rail- 
way to  run  from  Lexington,  Virginia,  to  Pittsburgh.  Owing  to  the 
topographical  features  of  the  Cheat  Mountain  region,  any  such  road 
would  necessarily  be  forced  to  follow  the  Greenbrier  river,  which 
would  give  a  direct  line  to  Pittsburgh,  from  the  vicinity  of  the 
Glen  more  tract. 

All  of  the  streams  above  named  afford  easy  gradients  for  a  railway, 
and  the  turnpike  from  Dry  creek  to  Alvon,  though  it  leaves  the 
creek,  affords  a  practical  route  for  a  cheap  line,  as  it  is  laid  down  on 
the  map. 

Topographical. — ]>y  inspecting  the  accompanying  map,  it  will  be 
seen  that  the  Alleghany  range  here  runs,  as  usual,  from  northeast  to 
southwest.  Between  it  and  the  river  are  two  parallel  ranges  of 
practically  the  same  altitude;  but,  while  the  Alleghany  is  nowhere 
cut  between  long  limits,  these  parallel  ranges  are  frequently  so. 
Greenbrier  mountain  is  cut  to  its  base  by  Anthony's  aud  Howard's 
creeks,  and  another  small  stream  between ;  while  the  central  range,  or 
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"Bob's  Rid^e,"  is  also  cut  by  Dry  creek,  as  well  as  the  above-nameJ 
streams.  All  these  jijaps  atl'ord  easy  routes  from  one  valley  to  the 
other,  and  there  are  no  ohstriietive  clitls  or  waterfalls  to  hinder  any 
such  passage.  Except  where  the  limestones  are  cut,  the  slopes  are 
smooth  and  retjnlar,  with  a  succession  of  spurs  and  small  ravuies  on 
every  sloi)e.  The  Alleghany,  being  the  Ap|)alachian  water-shed,  is 
cut  by  tunnels  oidy  ;  but  its  slope  bears  a  close  resemblance  to  the 
others.  The  Newport  News  and  Mississippi  Valley  Railroad  crosses 
it  within  less  than  four  miles  by  a  tunnel  over  four  thousand  feet  in 
length,  at  an  altitude  of  two  thousand  feet  above  tide. 

Geological. — The  summit  of  the  Alleghany  occupies  about  the  cen- 
tral line  of  pressure  which  elevated  this  section  of  the  Appalachians. 
The  b:ise  of  such  a  force  must  have  been  many  miles  broad,  since  all 
foot-hills  are  parallel  ranges  of  nearly  equal  altitudes  and  strata-dis- 
turbances. The  main  water-shed  is  sometimes  anticlinal,  but  at  this 
point  it  is  a  monocline,  tending  to  a  synclinal  axis.  To  the  eastward 
the  strata  have  been  broken  into  series  of  axes,  and  little  is  left  above 
the  Devonian — the  Medina  sandstones,  as  a  rule,  occupying  the  sum- 
mits. To  the  westward,  how^ever,  Piob's  Ridge  is  the  only  anticlinal 
axis,  the  Greenbrier  mountain  being  a  monocline,  with  the  Subcar- 
boniferous  on  top.  Immediately  west  of  this  point  the  heavy  ledges 
of  the  Carboniferous  (which  lap  up  to  the  Greenbrier)  have  resisted 
the  force  so  effectually  that  not  a  single  break  or  fault  has  been 
found  in  the  West  Virginia  coal-field,  the  strata  of  which  have 
nearly  a  uniform  dip  to  the  northwest  of  about  one  hundred  feet  to 
the  mile,  until  the  synclinal  basin  of  the  Ohio  is  approached.  Some 
of  these  ledges  are  more  than  two  hundred  and  fifty  feet  of  massive 
sandstone,  and  the  Carboniferous  develops  a  thickness  of  more  than 
two  thousand  feet  before  reaching  the  Ohio.  The  force  has  been 
sufficient  to  tilt  this  enormous  mass,  which  refused  to  bend  within 
ninety  or  one  hundred  miles.  By  reference  to  the  accompanying 
section,  Fig.  2,  it  will  be  seen  that  l^ob's  Ridge  occupied  a  line  of 
the  greatest  pressure,  since  it  was  the  fulcrum  against  which  this 
entire  force  was  sustained,  the  strata  on  neither  side  giving  way  to 
afford  relief.  It  will  also  be  seen  that  the  Silurian,  of  which  the 
Oriskany  (VII.)  forms  the  uppermost  measure,  is  here  on  the  surface 
for  the  last  time  westward.  The  Devonian  shales  are  largely  devel- 
oped on  both  sides  of  this  ridge,  and  constitute  the  principal  valley- 
formation,  though  in  places,  near  the  southwest  extremity  of  the 
property,  Howard's  creek  has  cut  through  the  Helderberg,  which 
leaves  massive  cliffs  of  a  reniarkably  pure  limestone.     This  forma- 
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tion  is  here  abont  three  hundred  feet  thick,  and  is  almost  entirely  a 
variegated  marble,  reseml)ling  that  of  Tennessee,  which  comes  from 
the  same  formation. 

The  Oriskany,  lying  immediately  on  these  limestones,  is  one  of 
the  great  iron-ore-bearing  formations  of  Virginia.  The  Vespertine 
(as  classified  by  Rogers),  lying  under  the  Greenbrier  limestones,  forms, 
with  them,  the  Subcarboniferous.  The  Catskill  is  entirely  missing. 
The  A'espertine  is  a  red  shale  of  peculiar  structure,  and  carries  a  regu- 
larly stratified  vein  of  carbonate  iron-ore,  from  three  to  five  ieet  thick, 
of  which  both  Prof  Rogers  and  Prof  Dana,*  especially  the  former, 
speak  in  favorable  terms.  Rogers  traced  this  stratum  for  thirty 
miles,  and,  from  his  numerous  analyses,  says  it  is  one  of  the  most 
valuable  iron-deposits  in  the  world.  I  have  seen  it  within  a  stone's 
throw  of  the  mouth  of  Howard's  creek,  but  never  had  it  analyzed. 
A  seam  of  coal  has  been  opened  in  this  formation,  within  a  few  feet 
of  this  ore;  about  two  miles  up  the  river,  marked  ''Coal  Opening" 
on  map,  which  is  from  six  to  eight  feet,  and  the  regular  New  River 
coals  are  found  a  few  miles  further  up  to  the  northwest.  These  coals 
are  cut  by  the  Greenbrier  river  in  the  adjoining  county  of  Poca- 
hontas, which  is  the  eastern  escarpment  of  the  West  Virginia  coal 
area,  covering  sixteen  thousand  square  miles.  Thirteen  workable 
measures  have  been  proved,  aggregating  about  seventy  feet  of  coal. f 

Ores. — A  persistent  seam  of  iron-ore  has  been  traced  and  proved 
by  numerous  openings  and  cuttings  through  a  distance  of  six  miles 
on  both  sides  of  Bob's  Ridge,  making  a  total  outcrop  of  about 
twelve  miles,  as  approximately  located  on  the  map  by  crossed  ham- 
mers along  the  dotted  outcrop  line.  This  ore-measure  is  perfectly 
regular,  conforms  to  the  under-  and  over-lying  strata,  and  has  an 
exposed  thickness  nowhere  less  than  eight,  and  in  places  more  than 
fifty  feet,  measured  at  right  angles  to  the  line  of  dip.  As  shown  on 
the  section,  it  blankets  the  surface  on  large  areas,  which  can  be 
quarried  with  comparatively  little  stripping.  I  have  seen  no  ores 
in  Virginia,  Alabama  or  Tennessee,  which,  in  my  opinion,  can  be 
mined  under  greater  advantages,  or  at  less  cost.  The  great  value 
of  this  ore,  however,  is  its  peculiarity  of  structure  and  quality.  It 
is  uniformly,  throughout  the  estate,  an  open-structured  red  oxide, 
lying  in  massive  ledges.     Numerous  analyses  give  from  seven  to 

*  See  Rogers's  Geoloyy  of  the  Virginias,  edition  of  1to4,  pp.  105  to  108,  135,  161, 
162,  163,  185  and  201 ;  and  Dana's  Geology,  3d  edition,  p.  293. 

t  See  my  section  of  Hawiv's  Nest,  published  in  The  Virginias,  vol.  i.,  No.  2,  p. 
22,  and  map. 


120      GLENMORE    IKON    ESTATK,    GREKNUIIIER    COUN'IY,    W.    VA. 

nine  per  cent,  of  total  watoi".  It  is  so  lii^lily  oxidized  that  the 
hands  become  reddened  IVom  the  touch,  and  men  are  dyed  a  brit^ht 
red  in  working  it.  The  fblhiwing  is  a  fair  analysis,  made  by  C.  B. 
Manby,  Chemist  to  the  National  Tube  Works,  of  McKeesport,  on 
samples  taken  thirty  feet  below  surface: 

Per  Cent. 

Ferric  oxide, 87.15 

Siliceous  residue,  .........  1.98 

Manganic  oxide, trace. 

Water  (total) 8.50 

Phosphoric  acid,   .........  .12 

Sulphuric  acid,      .........  .10 

Alumina      -. 

Lime,             j-    Principally  Alumina, 2.15 

Magnesia,    J 

Total, 100.00 

Metallic  iron,  61  per  cent.        Phospliorns,  0.07  per  cent.       Sulphur,  O.Oo  per  cent. 

Xowhere  else  in  the  Appalachian  lias  a  similar  ore  been  discovered 
in  workable  quantities,  to  my  knowledge;  and  though  found  here 
in  the  same  formation  as  elsewhere,  the  geological  conditions  have 
been  such  as  to  render  it  anhydrous  to  a  great  extent.  The  con- 
ditions previously  stated  would  neces.sarily  result  in  extraordinary 
pressure  and  its  consequent  heats.  That  some  such  powerful  oxidiz- 
ing agency  has  been  at  work  here  is  evidenced  by  the  sandstones 
and  other  rocks,  as  well  as  this  ore.  Wherever  iron  occurs,  even  as 
coloring  or  streaks,  it  is  in  the  shape  of  red  oxide ;  and  the  Oriskany 
sandstones  are  nearly  metamorpho.sed,  as  compared  to  those  of  the 
East.  That  this  oxidation  is  not  merely  a  surface-effect  is  amply 
demonstrated  by  such  conditions,  and  in  some  places  the  ore  has 
been  driven  thirty  feet  under  cover  without  change.  East  of  the 
Alleghanies,  the  Oriskany  sandstones  are  largely  developed,  and  the 
ore  is  frequently  re[)la('ed  by  them ;  but  here  these  sandstones  are 
much  le.ss  prominent,  and  are  cherty.  The  small  percentage  of 
silica  found  in  the  ore  is  evidence  that  the  sandstones  do  not  pre- 
dominate; and  it  may  be  accepted  as  a  fact  that  wherever  the  one 
is  undeveloped,  the  other  attains  its  maximum  thickness  and  regu- 
larity; the  rocks  here  being  just  on  the  border  of  perfect  regularity, 
are  less  disturbed  and  more  uniform  than  I  have  seen  elsewhere  in 
this  formation. 

Limefitones. — The  Helderberg  limestone,  containing  about  98  per 
cent,  carbonate  of  lime,  is  so  cut  by  Howard's  creek,  that  convenient 
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quarries  can  be  located  along  cliffs  of  over  two  hundred  feet  of 
massive  limestone.  This  stone  is  probably  one  of  the  best  furnace- 
fluxes  in  America. 

In  addition  to  this,  the  Subcarboniferous  (XI.)  is  an  excellent 
limestone,  largely  developed  over  the  greater  part  of  Greenbrier 
Count}^,  and  is  the  soil-base  of  its  blue-grass  section.  This  lime- 
stone is  in  position  near  the  mouth  of  both  Howard's  and  Anthony's 
creeks,  as  well  as  along  both  sides  of  the  Greenbrier  between. 

Timber. — Large  quantities  of  white  oak  and  other  hard  woods 
cover  the  entire  acreage  of  this  estate.  The  white  pine  has  been  largely 
cut  off,  but  enough  remains  for  all  building  and  construction  pur- 
poses. The  adjoining  lands  to  the  northeast  are  covered  with  a  dense 
growth  of  this  timber,  which  may  be  floated  down  Anthony's  creek. 
This  property,  unlike  most  of  the  ore-lands  east  of  the  mountain, 
has  never  been  cut  for  charcoal,  since  the  day  of  charcoal  operations 
in  this  section  had  passed  before  the  opening  of  any  trans- Alleghany 
route. 

Coal. — As  previously  stated,  a  seam  of  coal  has  been  opened  near 
the  bank  of  Greenbrier  river,  about  one  hundred  feet  above  water- 
level,  and  worked,  to  a  considerable  extent,  as  fuel  for  the  town  of 
Lewisburg,  eight  miles  distant.  This  seam  lies  nearly  horizontal, 
and  will  average  about  six  feet  in  thickness.  Its  position  is  shown 
on  the  map  at  the  point  marked  "  Coal  Opening."  An  analysis  of 
this  coal,  recently  made  by  Mr.  Ford,  of  the  Messrs.  Carnegie  Bros. 
&  Co.,  Ltd.,  gives  the  following  results: 

Per  cent. 

Carbon, 82.162 

Snlphnr, 900 

Volatile  matter, 5.050 

Ash, 11808 

Total, 99  920 

The  limits  of  this  deposit  are  unknown,  but  the  evidences  point 
to  an  extensive  area.  Lying,  as  it  does,  in  the  Vespertine,  I  am 
unwilling  to  place  much  confidence  in  it,  either  as  regards  quantity 
or  quality,  but  must  admit  that  an  inspection  of  the  old  workings  is 
very  favorable  to  both.  As  will  be  seen  from  the  analysis,  it  is  gra- 
phitic, another  evidence  of  unusual  pressure  in  this  vicinity.  It  is 
sufficiently  hard  and  compact  to  use  in  the  furnace,  without  prepara- 
tion. Apart  from  this  coal,  however,  the  regular  New  River  coking 
measures  are  within  such  easy  reach,  that  their  hills  are  within  sight 
from  the  ore-outcrop  on  the  northwest  slope  of  "Bob's  Ridge." 
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These  New  River  eoals  are  worked  very  extensively  along  the  New- 
port News  and  INIississipj)!  Valley  railway,  within  fifty  miles  of 
A\'liite  Sulphur  S[)riii}:;s.  This  railway  follows  the  (Jreenbrier  south- 
west, about  forty  miles,  to  its  junction  with  New  river,  at  Ilinton, 
throutih  a  limestone  valley,  before  enteriuii;  the  ret^ular  coal-measures, 
whereas,  a  few  miles  up  the  river  from  Anthony's  creek,  these  meas- 
ures can  be  reached  nearer  water-level.  Coal  has  also  been  oj)ened 
north  of  Anthony's  creek,  near  this  tract,  but  I  have  not  examined 
it.  It  opens  several  feet  thick  ;  but  I  take  it  to  be  the  Vespertine, 
from  its  general  position.  After  passing  the  head  of  Anthony's 
creek  (which  is  thirty  or  forty  miles  in  length),  the  Bob's  Ridge  axis 
disappears,  and  the  coals  lap  on  the  main  Alleghany  mountain. 
The  continuation  of  ]^ob's  Ridge,  through  this  distance,  is  known  as 
Beaver  Lick  mountain,  on  either  side  of  which  is  a  valley  of  the 
creek  named,  similar  to  those  of  Howard's  creek,  but  more  ex- 
tensive. 

Conclusion. — The  condition  of  this  estate  may  be  safely  summed 
up  as  follows,  viz. :  Nearly  the  whole  seven  thousand  acres  are 
underlain  near  the  surface  by  a  regular  measure  of  red  ore,  averag- 
ing, probably,  more  than  thirty  feet  in  thickness,  containing,  at  least, 
sixty  per  cent,  of  metallic  iron,  of  such  structure  that  comparatively 
little  fuel  or  flux  will  be  required  to  reduce  it,  and  remarkably  low 
in  phosphorus,  sulphur  and  other  impurities.  If  not  a  Bessemer  ore, 
alone,  it  can  be  largely  used  as  a  mixture  for  such.  It  is  of  inesti- 
mable value  as  a  mixture  for  the  neighboring  Virginia  ores,  con- 
taining from  three-fourths  to  one  per  cent,  of  phosphorus,  making 
neutral  what  are  now  cold-short  irons,  and  reducing  fuel,  flux,  and 
labor.  From  three  to  nine  miles  of  cheaply  constructed  railway, 
with  comparatively  level  gradients,  will  develop  both  ores  and  lime- 
stones;  and  coals  of  long-established  metallurgical  reputation  are 
within  sight. 

An  abundant  water-supply  can  be  relied  upon  at  all  seasons,  and 
the  valleys  aiford  ample  room  for  every  undertaking.  Gravity 
machinery  is  all  that  will  be  required  for  raining  and  drainage. 
There  is  an  open  market  for  every  ton  of  ore  to  be  mined,  over 
present  routes  of  transportation,  and,  though  additional  lines  will  add 
value,  they  are  not  necessary. 

As  adjuncts  to  a  furnace-site,  fuel,  ore,  flux  and  water  are  all  in 
sight,  and  within  a  radius  of  ten  miles.  Such  conditions  of  quantity 
and  quality  exist  nowhere  else  in  America.  It  is  hundreds  of  miles 
nearer  the  market  than  Alabama,  and  railway  freights,  which  consti- 
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tute  such  a  large  proportion  of  the  cost  of  iron,  are  here  reduced 
to  a  minimum.  Its  position  is  in  a  moderate  climate,  and  one  of 
the  healthiest  spots  in  the  world.  Labor  is  cheap  and  plentiful. 
Ten  miles  of  haul  will  cover  all  material  necessary  for  the  produc- 
tion of  pia:-iron,  which  will  he  within  two  hundred  miles  of  Pitts- 
burgh, and  about  the  same  distance  from  the  Atlantic  seaboard. 
Ninety  miles  of  down-grade,  over  the  N.  N.  &  M.  V.  railway,  will 
reach  the  navigable  waters  of  the  Ohio,  and  open  all  of  its  markets 
to  an  article  which  can  have  no  competition  short  of  the  Lakes. 

The  ores  can  be  delivered  on  cars  at  $2.00  per  ton,  or  S^  cents  per 
unit  of  iron,  and  pay  on  mining  investment;  limestone  at  75  cents, 
and  coke  for  not  more  than  82.50.  A  fair  cost  for  producing  a  ton 
of  pig-iron,  under  these  conditions,  would  be  about  as  follows,  viz.: 

Ore  at  3^  cents  per  unit, $3.33 

Limestone,  f  tons,  at  75  cents,         ...  50 

Coke,  ly2^  tons,  at  52.50, 3.0C 

Labor,  per  ton  of  iron,      .....  2.00 

Incidentals,  per  ton  of  iron,      ....  1.00 

Salaries,  etc.,  per  ton  of  iron,    ....  LOO 

10.83 — Cost  at  furnace. 
Present  rate  on  iron,  to  Pittsburgh, .         .         .       3.75 — All  rail. 


Cost  in  Pittsburgh, $14.58 

Taking  into  consideration  the  character  and  structure  of  the  ore, 
every  other  item  is  over-estimated,  and  this  cost  is  not  such  an  arbi- 
trary a.ssuraption  as  is  generally  made  by  parties  having  no  practi- 
cal experience.  Having  had  the  experience,  I  feel  safe  in  saying 
that  the  above  estimate  is  more  than  liberal.  Add  to  this  estimate 
the  proportional  railway  charges  on  each  material,  and  the  cost  will 
exceed  that  claimed  l)y  any  furnace  in  the  South,  and  probably 
Pennsylvania  as  well.  The  Virginia  furnaces  pay  from  §L50  per 
ton  upwards  as  freight  on  fuel,  and  those  that  buy  ores,  from  50  to 
75  cents  freight,  on  a  grade  rarely  running  over  forty  per  cent. 
Assuming  the  fuel  to  be  the  same  (which,  of  course,  is  not  true  be- 
tween a  forty  and  a  sixty  per  cent,  ore),  there  will  be  added  on  coke 
$1.80,  and  taking  the  ore  at  60  cents  (a  low  rate),  $1.50  more  will 
go  into  freights.  Add  to  this  20  cents  only  for  flux,  leaving  labor 
and  incidentals  the  same,  the  cost  at  furnace  will  be  $14.33,  prob- 
ably a  little  more  than  the  present  co?t  at  Low  Moor,  though  con- 
siderably more  than  that  claimed.  It  must  be  borne  in  mind,  in 
making  these  comparisons,  that  one  iron  will  contain  one  per  cent. 
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of  phosphorus,  or  more,  while  the  other  will  contain  only  about  one- 
tenth  as  much,  or  less.  With  a  direct  line  to  Pittshurijh,  the  freight 
to  that  point  will  be  rednced  to  about  $1.50,  and  $1.00  should  cover 
the  present  charges  to  the  Ohio,  since  all  rolling  stock  going  in  that 
direction  is  comparatively  empty,  lioth  the  Low  Moor  and  Long- 
dale  furnaces  claim  to  produce  a  ton  of  iron  on  less  coke  than  I  have 
named,  though  their  ores  are  much  leaner,  and,  comparatively,  highly 
siliceous,  rc(piiring  a  very  large  percentage  of  limestone.  At  one  of 
these  furnaces  it  is  also  claimed  that  labor  has  been  reduced  to  90 
cents  per  ton. 


ANTHRACITE  AND  COKE,  SEP  ABATE  AND  MIXED,  IN  THE 
WARWICK  BLAST-FURNACE. 

BY  EDGAR   S.    COOK,  POTTSTOWN,  PA. 

(Buffalo  Meeting,  October,  ISSS.) 

The  Warwick  furnace  at  Pottstown,  Pa.,  constructed  for  anthra- 
cite fuel,  is,  as  may  be  remembered,  55 J  feet  high,  with  15 J  feet 
bosh.  The  actual  working  height  from  stock-line  to  bottom  is  only 
47J  feet,  the  bell-aud-hopper  taking  up  8  feet. 

During  the  year  1886  we  used  mixed  fuel,  in  the  proportion  of 
three- fourths  anthracite  and  one-fourth  coke.  The  total  jM'oduct  of 
iron  was  '■>0,629J  tons  of  2280  lbs.,  being  a  weekly  average  of  589 
tons,  including  all  ordinary  and  extraordinary  stoppages.  Deduct- 
ing the  latter,  the  weekly  average  would  be  about  600  tons.  The 
fuel-consumption  for  the  year  was  1.2  tons  per  ton  of  iron,  while 
the  ore-mixture  yielded  52  per  cent,  of  iron. 

For  about  two  months  durinj;  the  summer  of  1887  we  were  obliged 
to  run  on  anthracite  exclusively,  owing  to  the  Counellsville  coke 
strike. 

In  the  fall  of  1885,  in  reliniiig  the  furnace,  the  crucible  had  been 
built  8  feet  9  inches  in  diameter,  with  the  view  of  using  regularly 
one-quarter  of  coke  (the  largest  previous  diameter  having  been  7  feet 
5  inclies),  and  we  felt  somewhat  apprehensive  of  the  results  when 
compelled  to  use  anthracite  only.  The  average  of  seven  weeks'  run 
on  coal,  as  compared  with  the  average  of  the  seven  corresponding 
weeks  of  1886  (using  one-quarter  coke),  was  as  follows: 
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Date. 


Fuel. 


Iron  made          Fuel 

Ore. 

Limestone 

per  week.        per  ton 

Per  ct. 

per  ton  of  iron. 

Tons.            of  iron. 

Tons. 

Ton.s. 

523             1.262 

52 

0.7250 

?oke.        556            1.278 

51.3 

0.7125 

Burden.     Air  per  minute. 

Pres.su  re. 

Heat  of  blast. 

Cu.  ft. 

Lbs. 

Degrees  F. 

1  to  1.55            10,907 

8.2 

938 

1  to  1.55            10,978 

7.6 

917 

1887,  seven  weeks,  .         .     coal. 
1886,  seven  weeks,  .     |  coal,  }  c 

Date.  Exposure  of  stock 

Hours. 
'1887,  seven  weeks,      20| 
1886,  seven  weeks,      I85 

A  difference  of  only  33  tons  iron  per  week  is  shown  in  favor  of 
mixed  fuel ;  but  the  poorest  work  of  the  blast  thus  far  was  made  in 
the  summer  of  1886.  The  corresponding  weeks  of  1888,  three- 
quarters  coal  and  one-quarter  coke,  show  as  follows : 


Date. 


Fuel. 


Iron  made 

per  week. 

Tons. 


1888,  seven  weeks,  .     f  coal,  |-  coke.  634 


Fuel        Ore. 
per  ton    Per  ct. 
of  iron. 
Tons. 
1.1375      54 


Limestone 
per  ton  of  iron. 
Tons. 

0.65 


Date.  Exposure  of  stock.     Burden.      Air  per  minute.    Pressure.    Heat  of  blast. 

Hours.  Cu.  ft.  Lbs.  Degrees  F. 

1888,  seven  weeks,     17.6  1  to  1.65  11,048  6.4  929 

In  making  comparisons  it  is  only  fair  to  compare  corresponding 
weeks  of  each  season,  for  the  work  of  the  furnace  varies  materially 
with  the  season  of  the  year.  While  the  results  obtained  in  1886 
and  1887  do  not  differ  greatly,  the  management  was  much  more 
arduous  in  1887.  The  furnace  was  exceedingly  troublesome  to  con- 
trol— flu-  more  so  than  with  mixed  fuel.  The  "ore-dirt  troubles," 
of  which  mention  has  been  made  previously  in  the  papers  of  Mr. 
John  Birkiubine  and  discussions  following,  were  more  frequent  and 
more  dangerous,  the  dirt-slips  frequently  coming  without  a  mo- 
ment's warning.  In  the  seven  weeks  we  had  two  narrow  escapes 
from  possibly  serious  consequences.  But  for  the  constant  fear  of 
"dirt-troubles"  more  iron  could  have  been  made  with  somewhat 
lower  fuel-consumption.  We  were  glad  when  the  coke  strike  ter- 
minated. 

During  the  fall  of  1887,  and  until  the  close  of  the  year,  the 
weekly  product  (using  one-fourth  coke)  averaged  625  tons;  and  the 
year  was  ended  with  a  total  make  of  30,660 J  tons,  just  31  tons  in 
excess  of  1886. 

No  sooner  had  we  safely  passed  through  the  short  strike  on  the 
Reading  Railroad,  and,  as  we  supposed,  become  comfortably  settled 
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for  tlio  winter,  than  rumors  of  labor  troubles  in  the  Schuylkill  coal 
regions  became  prevalent,  and  were  quickly  followed  by  an  almost 
total  susj)ension  of  minintr.  One  individual  colliery,  from  which 
we  obtained  about  one-third  of  our  usual  supply,  continued  in  opera- 
tion. ]?ut  the  men  would  not  permit  the  coal  mined  to  be  loaded 
into  Philadelphia  and  Reading  cars;  and  as  the  Pennsylvania  Rail- 
road could  not,  or  would  not,  furnish  cars  to  carry  it  over  their 
Schuylkill  Valley  Pranch,  our  stock  of  coal  was  soon  exhausted. 
About  the  middle  of  Jaiuuiry,  1888,  we  commenced  using  coke  only 
— a  mixture  of  Connellsville  and  Clearfield.  Being  unable,  for 
want  of  track-  and  storage-room,  to  keep  the  two  varieties  separate, 
we  soon  dropped  Clearfield,  because  we  found  it  impossible  to  fill  the 
furnace  uniformly  when  using  the  two  cokes  hap-hazard,  just  as  they 
hajiponed  to  be  unloaded.  Had  it  been  possible  to  fill  a  definite 
and  fixed  proportion  of  each,  this  trouble  would  not  have  been  ex- 
perienced, whatever  might  have  been  the  economical  results. 

The  first  week's  work  with  coke  only  was  disappointing.  The 
furnace  began  to  scour,  and  continued  doing  so  for  a  week.  To 
keep  the  crucible  hot,  it  was  found  necessary  to  reduce  the  burden, 
which  had  been  1.75  ore  to  the  pound  of  coal  and  coke,  to  1.5 
])oun(ls  ore  to  the  jiouud  of  coke.  The  iron  was  thus  prevented 
from  falling  below  gray  forge  in  grade;  and  the  slag,  though  black, 
was  very  hot  and  liquid.  Our  bosh-coils  and  jacket  became  hot. 
p'or  a  while  it  looked  as  if  we  would  lose  the  former;  but,  by  close 
watching  and  frequent  application  of  water  from  a  powerful  pump 
bv  means  of  hose  directly  to  the  coils,  they  were  saved.  Doubtless 
a  large  portion  of  the  brick-work  of  the  bosh  had  been  melted  out 
months  before  and  replaced  with  scaffold-material.  The  first  Jiction 
of  the  coke  was  to  remove  this  filling.  After  the  scouring  ceased 
the  furnace  became  much  hotter  and  grayer,  and  the  burden  was  rap- 
idly increased  to  1.7  pounds  ore  to  1  pound  coke. 

Our  first  receipts  of  coke  were  of  average  quality.  But  "  it's 
an  ill  wind  that  blows  no  one  any  good."  The  coal-strike  gave 
our  Connellsville  friends  an  opportunity  to  dispose  of  their  stocked 
coke.  If  all  the  eastern  furnaces  fared  as  did  Warwick,  they  re- 
ceived ami  paid  for  their  fuel  in  about  the  proportion  of  one-fourth 
dirt  and  three-fourths  coke.  The  stocked  coke  was  also  completely 
water-soaked,  so  that  it  was  impossible  to  thoroughly  separate  the 
dirt;  and,  for  the  most  i>art,  it  had  to  be  filled  as  received.  As 
the  shipments  of  the  dirty  water-soaked  coke  increased,  both   the 
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burden  and  the  yield  were  reduced  again,  until  560  to  580  tons  of 
iron  per  week  became  the  usual  work.  The  following  shows  the 
average  results  obtained  from  the  use  of  coke  only,  from  January  to 
March,  1888,  compared  with  the  corresponding  weeks  of  1877,  using 
three-fourths  coal  and  one-fourth  coke : 


Date. 

Fuel. 

Iron  made         Fuel 

Ore. 

Limestone 

January  to 

per  week.       per  ton 

Per  ct. 

per  ton  of  iron. 

March. 

Tons.            of  iron. 
Tons. 

Tons. 

1887, 

.     J  coal,  J  coke. 

615*            1.15 

50.9 

0.65 

1888, 

all  coke. 

570              1.22 

50.5 

0.79 

Date. 

Exposure  of  stock.       Burden.    Air  per  minute. 

Pressure. 

Heat  of  blast. 

Hours. 

Cu.  ft. 

Lbs. 

Degrees  F. 

1887,     . 

.     17                   1  to  1.75          11,118 

6.4 

944 

1888,      . 

.14                  1  to  1.62          10,485 

5.2 

934 

The  quality  of  the  iron  made  was  in  favor  of  the  mixed  fuel,  as 
shown  by  repeated  analyses.  The  silicon  and  sulphur  in  the  coke- 
iron  were  considerably  higher  than  usual,  the  phosphorus  remaining 
about  the  same: 

Silicon.  Phosphorus.  Sulphur. 

Per  ct.  Per  ct.  Per  ct. 

Coke-iron,  average,       .         .         .     0.945  0.352  0.101 

Mixed-fuel  iron,  average  (8  mos.),     0.588  0.296  0.037 

It  w^as  found  impossible  to  melt  as  many  tons  of  ore  per  week 
with  coke  only  as  we  had  become  accustomed  to  melt  with  three-fourths 
coal  and  one-fourth  coke.  The  furnace-stack  being  low  (only  47 J 
feet  effective  working  height),  and  the  coke  so  much  more  bulky 
than  coal,  the  same  rate  of  driving  emptied  the  furnace  in  from  eleven 
to  twelve  hours.  For  several  months  previous  to  using  coke  only, 
the  stock  had  passed  through  the  furnace  in  from  fourteen  to  fifteen 
hours.  This  seems  to  be  our  economical  limit,  except  under  tempo- 
rary favorable  conditions.  Eleven  to  twelve  hours  was  found  to  be 
too  short  a  period  for  the  economical  reduction  of  the  ores;  and  it 
became  necessary  to  slacken  the  speed  of  the  engine  and  prolong  the 
exposure  of  the  ore  to  the  action  of  the  gases.  We  hoped  that 
the  coke-gases  on  the  smaller  weight  of  ore  in  the  furnace,  would 
act  more  energetically  and  quickly  than  the  gases  from  coal,  thus 
permitting  a  shorter  exposure;  but  in  this  we  w^ere  greatly  disap- 
pointed. The  yield  of  ore-mixture  and  the  burden  being  the  same, 
slower  driving  was  synonymous  with  reduced  output  of  furnace.  As 
the  average  burden  with  coke  only  was  lower  than  the  burden  car- 
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ried  by  mixed  fuel,  the  enforced  experiment  of  usinnj  coke  exclusively 
was  anything  but  a  finaiKMal  success.  With  a  higher  stack  the  re- 
sults would  have  been  more  favorable.  Both  as  regards  yield  and 
economy  we  had  been  obtaining  maximum  results  from  our  little 
furnace  considering  the  ores  used,  and  we  could  do  no  more  with 
coke  only  ;  but,  on  the  contrary,  did  worse  than  with  three-fourths 
coal  and  one-fourth  coke.  Had  we  been  averaging  from  350  to  450 
tons  iron  per  week,  instead  of  over  600  tons,  and  had  we  then,  by 
using  coke,  increased  the  yield  to  570  tons  per  week,  no  doubt  we 
should  have  considered  the  increase  very  satisfactory,  and  thought 
that  it  j)artially  repaid  the  extra  cost  of  the  coke  as  compared  with 
the  price  of  coal. 

During  the  two  months  of  the  coke-experiment  our  old  enemy, 
"ore-dirt  troubles,"  practically  disappeared;  the  furnace  was  more 
easily  managed,  working  smoothly  and  regularly.  Shortly  after  the 
stocked  coke,  with  all  its  dirt,  began  to  arrive  in  increased  quanti- 
ties, we  became  acquainted  with  a  distant  relative  of  the  old  enemy. 
The  ore-dirt  slips  gave  place  to  slips  of  coke-dirt  sufficient  to  thicken 
the  slag  and  necessitate  the  removal  of  the  2-inch  cinder-notch,  in 
order  to  get  the  slag  to  flow  freely.  Though  annoying  at  first,  these 
troubles  were  not  dangerous ;  and,  after  substituting  a  3-inch  cinder- 
notch,  we  had  no  particular  difficulty.  Had  our  stack  been  70  feet 
high,  no  doubt  our  trial  of  coke  only  would  have  been  eminently 
satisfactory  from  a  technical  point  of  view.  Of  course,  the  differ- 
ence of  cost  between  it  and  the  usual  price  of  coal  is  too  great  to  be 
equalized  by  any  possible  improvement  in  working. 

From  these  two  trials  of  all  coal  and  all  coke,  as  compared  with 
a  mixture  of  three-fourths  coal  and  one-fourth  coke,  it  appears,  other 
things  being  equal,  that  the  latter  gives  better  results  in  a  furnace 
with  comparatively  large  crucible  and  low  stack,  than  either  of  the 
two  used  alone.  The  mixture  of  one-fourth  coke  assists  in  the 
driving  of  an  anthracite  furnace,  while  the  coal,  in  a  low  stack,  will 
carry  more  burden  and  permit  more  ore  to  be  melted  than  will  coke 
alone.  Under  different  conditions,  that  is,  with  high  stack,  all  coke, 
compared  with  a  mixture  of  the  two  fuels,  would  doubtless  give 
better  results,  especially  when  the  greater  difficulties  attending  the 
management  of  an  anthracite  furnace  are  taken  into  consideration. 

The  change  from  all  coke  to  mixed  fuel  in  March  gave  rise  to 
irregular  workings,  the  reverse  of  those  experienced  in  January. 
The  bosh  of  the  furnace,  enlarged  from  the  continued  use  of  coke. 
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proved  to  be  too  large  for  a  mixture  of  three-fourths  coal  and  one- 
fourth  coke.  There  was  a  constant  tendency  on  the  jiart  of  the  fur- 
nace to  form  new  lines  to  conform  to  the  changed  conditions.  In- 
stead of  filling  up  slowly,  and  reducing  the  area  gradually,  the  dis- 
position Avas  to  fill  rai)idly  and  too  much  at  once,  indicated  by  casts 
much  too  small  for  the  amount  of  stock  filled.  This  filling,  being 
soft  and  pasty,  would  cause  stock  to  settle  slowly  along  the  walls 
and  frequently  to  stick  fast,  and  occasionally  to  arch  over  and  refuse 
to  settle  at  all.  For  several  weeks  it  was  a  continuous  strnt>-o-le  to 
keep  the  furnace  in  successful  operation.  The  constant  tendency  to 
stick  and  jump,  to  fill  u})  and  tear  away  again,  kept  the  manager  in 
anything  but  a  happy  and  contented  frame  of  mind.  The  amount 
of  iron  made  for  the  month  was  fairly  satisfactory — 2605  tons — but 
the  fuel  consumption  reached  1.204  tons,  with  ores  averaging  51  per 
cent.  Towards  the  latter  part  of  March  the  bosh  of  the  furnace  got 
into  better  shape — better  proportioned  to  the  fuel  used.  Bosh-coils 
and  plates  cooled  off  considerably,  the  bosh-filling  became  hardened, 
wearing  smoother,  and  the  stock  settled  regularly  and  evenly.  So 
we  began  April  under  favorable  conditions,  and  made  for  that  month 
the  best  record  in  the  history  of  the  furnace,  reaching  a  total  tonnage 
of  2792J  tons,  an  average  of  93,8  tons  per  day,  with  a  51  per  cent, 
ore-mixture  and  1.16  tons  fuel  per  ton  of  iron.  The  largest  weekly 
yield  was  687|  tons,  and  the  largest  daily  product  llOJ  tons.  This 
work  was  continued  through  May,  with  a  product  of  2809|^  tons, 
the  fuel-consumption  being  1,13  tons  per  ton  of  iron,  and  the  ores 
yielding  52.5  per  cent.  The  May  product  was  reduced  by  about  50 
tons,  owing  to  a  serious  outbreak  of  iron,  setting  fire  to  the  cast- 
house  and  doing  other  damage,  but  not  sufficient  to  put  the  furnace 
out  of  blast. 


THE  FLUE-DUST  OF   TEE  FURNACES  AT  LOW  MOOR,   VA. 

BY   ELLISOX  C.  MEAXS,  LOW  3iI00R,  VA. 

(Buffalo  Meeting,  October,  1S88.) 

Many  Virginia  furnaces  are  troubled  with  a  small  percentage  of 
zinc  in  their  stock,  this  element  being  present,  although  the  chemist 
may  have  failed  to  report  it,  either  in  the  ore  or  in  the  limestone. 
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Wlu'ii  many  iHiiulrods  of  tons  arc  passed  through  the  fnrnace,  the 
zinc  appears  in  the  flues  to  a  marked  degree.  Sometimes  tlie  quan- 
tity is  such  that  the  metal  appears  through  the  walls  of  the  furnace; 
but  this  a  rare  occurrence. 

At  Low  Moor,  when  Furnace  A  was  blown  out,  at  the  completion 
of  blast  No.3,  a  mass  of  high-grade  zinc  oxide,  weighing  nearly  six 
tons,  was  found  suspended  to  the  lining,  almost  directly  below  the 
tunnel-hcad.  The  j)resence  of  this  mass  and  its  effect  on  the 
charging,  would  readily  exj)lain  the  bad  working  of  the  furnace  on 
one  side. 

The  tunnel-head  itself  had  been  a  source  of  constant  care  during 
the  blast.  The  zinc  would  accumulate  there  in  such  quantities  as 
to  affect  very  materially  the  passage  of  gas  into  the  dow^n-take,  and 
thus  cause  a  strong  back-pressure  on  the  blowing-engines.  There 
seemed  to  be  no  remedy  for  this  but  to  take  the  blastoff  the  furnace 
and  knock  out  the  deposit.  This  enlarging  of  the  tunnel-head  be- 
came necessary  once  a  month.  Probably  the  only  way  to  reduce 
this  deposit  would  be  to  construct  the  down-take  so  as  to  enter  the 
furnace  at  as  small  an  angle  as  possible,  and  thereby  avoid  any 
bench-room  for  a  deposit  at  that  place. 

The  introduction  of  a  dust-catcher  with  a  small  bell  has  greatly 
reduced  the  amount  of  dust  in  the  flues.  Every  day  this  bell  is 
lowered  at  least  twice,  and  the  dust  is  allowed  to  fall  out  from 
above.  The  amount  of  dust  thus  obtained  is  usually  about  600  to 
1000  pounds  a  day.  The  analysis,  by  J.  C.  Smith,  in  the  labora- 
tory of  the  Massachusetts  Institute  of  Technology,  of  a  sample  from 
the  dust  collected  at  this  point  shows  it  to  have  the  following  com- 
position : 

Per  cent. 


Zinc  oxide,         .... 

87.660 

Protoxide  of  iron, 

1.270 

Binoxide  of  manganese  (Mn02), 

3.600 

Alumina, 

0.228 

Lime, 

I.80O 

Metallic  zinc, 

.     70.356 

Silica, 

2.410 

Metallic  iron, 

.      0.988 

Phosphoric  acid  (P^Oj), 

0.701 

Sulphuric  acid  (SO3), . 

0.493 

Loss  on  ignition, 

0.640 

98.852 


The  deficiency  in  the  total  of  the  above  analysis  was  ascribed   by 
Mr.  Smith   to   his  omitting   to  determine   magnesia  and   alkalies. 
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Possibly  there  may  have  been  a  loss  of  some  zinc.  At  all  events,  I 
obtained  by  a  volumetric  method  a  trifle  over  71  per  cent,  of  zinc 
from  the  same  material. 

The  analysis  of  a  sample  taken  from  the  flue  in  front  of  the 
boilers,  one  hundred  and  fifty  feet  from  the  furnace,  shows  about  30 
per  cent,  of  metallic  zinc  in  the  form  of  oxide.  The  mass  found 
inside  of  the  furnace  is  almost  pure  zinc  oxide. 

Furnace  B,  at  present  in  blast  for  the  first  time,  being  five  feet 
higlier  than  Furnace  A,  will  probably,  when  blown  out,  be  found  to 
contain  a  larger  mass  beneath  the  tunnel-head  than  did  Furnace  A. 


NOTE  ON  CAST- ST  EEL  WATER-JACKETS. 

BY    RICHARD   H.  TERHUNE,  SALT   LAKE   CITY. 

(Buffalo  Meeting,  October,  1888;) 

The  use  of  water-cooled  breast-jackets  or  cinder-tap  blocks  is  a 
great  convenience  in  lead-smelting,  even  when  siliceous  slags  are 
made.  If  the  charges  are  at  all  basic  it  is  almost  imperative. 
Jackets  of  riveted  wrought-iron  or  steel  are  expensive;  those  of 
cast-iron  are  liable  to  crack  ;  those  of  bronze  are  costly  and  not 
durable,  being  easily  penetrated  by  tapping- bars  or  destroyed  by 
streams  of  matte  impinging  against  them.  To  overcome  these  ob- 
jections I  introduced  at  the  Hanauer  works,  in  April,  1886,  cast- 
jackets  of  steel,  which  have  been  in  constant  use  since  that  time  and 
are  to-day  as  good  as  new. 

These  jackets  were  made  for  us  by  the  Chester  Steel  Castings 
Company,  of  Chester,  Pa.,  at  a  cost  of  ten  cents  a  pound  at  the 
works  of  that  company.  The  metal  is  |-inch  thick,  and  the  jackets 
were  cored  and  tapped  for  1^-inch  bushings,  affording  two  large 
holes  for  the  removal  of  dirt  and  incrustations.  The  same  holes  are 
used  for  feed-  and  discharge- water  through  |-inch  pipe. 

I  hope  the  successful  introduction  here  of  cast-jackets  of  steel  will 
lead  to  their  more  extended  use  in  all  branches  of  metallurgy  where 
water-cooled  surfaces  are  severely  taxed,  and  where  the  size  and 
thickness  of  the  castings  are  not  unfavorable  to  the  production  of  a 
sound  article,  impervious  to  water  and  of  high  tensile  strength. 
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A  DIFFERENTIAL  BEGEXEBATIVE  HOT-'BLAST  STOVE 

AND  ITS  APPLICATION  TO  AN  OPEN-UEARTll 

BLA  ST-FVRNACE. 

BY  JACOB  T.    WAIN  WRIGHT,    PITTSBURGH,    PA. 

(BufTalo  Meeting,  October,  1888.) 

Thi.s  stove  lias  been  designefl  to  meet  the  requirements  of  a  fnr- 
naee  that  must  be  ojierated  with  either  a  redueing  or  a  neutral 
flame  ;  luid  more  })articnlarly  to  make  feasible  the  operating  of  re- 
duction-furnaces with  the  cheaper  grades  of  gas-fuel,  which  has 
heretofore  been  impracticable. 

In  general,  cheap  gas-fuels  result  from  incomplete  combustion, 
and,  being  suited  for  further  combustion,  answer  very  well  for  heat- 
ing purposes  ;  and  high  temperatures  may  be  attained  with  them, 
when  they  are  used  in  conjunction  with  regenerative  stoves. 

J3ut,  in  operating  a  reduction-furnace,  a  high  temperature  is  not 
the  only  requirement.  It  is  also  necessary  that  the  fuel  shall 
not  be  consumed  beyond  a  certain  degree,  in  order  to  insure  a  re- 
ducing flame  for  the  reduction-process  ;  consequently,  it  becomes 
necessary  to  disj)ense  with  combustion  as  much  as  possible  ])revious 
to  the  use  of  the  fuel-gases  in  the  reduction-furnace.  Moreover, 
these  gases  must  be  preheated  to  a  high  degree,  in  order  that  a 
sufficient  temperature  may  be  maintained  in  the  furnace;  and, 
since  this  preheating  cannot  be  accomplished  by  a  previous,  partial 
combustion  of  the  gases  themselves,  it  follows  that  the  stoves  for  pre- 
heating these  gases  should  be  heated  to  as  high  degree  as  it  is  pos- 
sible to  attain  with  an  inferior  fuel.  This  result  can  best  be  accom- 
plished by  complete  combustion  of  the  heating  gases,  and  is  further 
facilitated  by  preheating  all  of  the  air  and  gas  used  for  this  com- 
plete combustion.  It  is  more  particularly  desirable  to  preheat  the  air, 
since  the  combustible  gases  used  may  generally  be  obtained  directly 
from  the  furnace,  or  gas-producer. 

The  reducing  gases,  escaping  from  a  gas-fuel  reduction-furnace, 
are  capable  of  considerable  lurtlier  dilution  with  air  to  secure  com- 
plete combustion,  and  consequently  may  be  utilized  for  heating  the 
stove  to  a  high  temperature,  {)rovided  the  air  be  sufficiently  pre- 
heated. 
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Fig.  I. 


^ 
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Ill  tho  well-known  SicMncMis  tvpo  of  rot;oiienitivo  runiaco,  which 
prolu'ats  tho  <j:;:is  aiul  air  in  scpai'ato  (•Jicckt'f-work,  this  ro(jniivnient 
can  be  met  hy  inttM'coptini;  tho  linos  from  tho  nsnal  rovorsinj^- valves 
to  tho  ohimnoy-lliio,  with  an  anxiliarv  fonr-way  reversing-valve, 
coiuiocted  with  an  air-ilne  opposite  to  the  ehimney-flue.  This  valve 
shonld  1)0  revei'sod  more  fi'0([nently  than  the  other  reversing-valves, 
and  iiido])ondontly  of  them. 

The  ofFoet  of  this  arrangement  is  to  cnt  off  alternately  from  the 
chimney-Hue  the  two  regenerative  chambers  which  are  being  re- 
heated, and  at  the  same  time  to  pass  a  current  of  air  back  tin-ough 
the  intercepted  chamber,  thereby  highly  lieating  this  air,  and  causing 
it  to  unite  with  the  gases  from  the  furnace,  pass  through  tlie  alter- 
nate of  tlie  intercepted  chamber,  and  thence  to  the  chimney-flue. 

The  accompanying  illustration  shows  in  a  conventional  manner 
an  open-hearth  blast-furnace,  in  which  a  portion  of  the  ])reheated 
gases  is  passed  through  the  burden  in  the  vertical  shaft,  and  the 
remainder  is  used  to  reheat  the  checker-work  in  the  manner  just 
described. 

The  object  of  this  tyj)e  of  furnace  is  to  dispense  with  a  large  pro- 
portion of  solid  fuel  in  the  vertical  shaft,  and  utilize  a  cheaper  gas- 
fuel  as  a  substitute. 

In  oj)eration,  a  i)Iast  of  cold  air  j)asses  continuously  through  the 
damper,  A,  and  is  directed  uj^ward  through  the  checker-chamber, 
AL,  by  means  of  the  reversing  air-valve,  A  V.  Also,  a  blast  of  gas- 
fuel  continuously  passes  through  the  damper,  G,  and  is  directed 
upward  through  the  checker-chamber,  GL,  by  means  of  the  revers- 
ing gas-valve,  GV.  These  currents  then  combine,  and  produce  com- 
bustion in  the  chamber,  CL ;  and  the  danijiers,  A  and  G,  are  regu- 
lated to  admit  the  desired  proportions  of  air  and  gas,  respectively. 

The  gases  pass  from  this  combustion-chamber  into  the  furnace- 
hearth,  FI,  whence  a  portion  of  the  gases  passes  upward  through  the 
burden  in  the  shaft,  and  performs  the  smelting  operation,  while  the 
remainder  of  the  gases  passes  from  the  furnace-hearth  into  the 
chamber,  C/i,  and  thence  downward  through  the  checker-chamber, 
Gil. 

Also,  a  continuous  blast  of  cold  air  passes  through  the  damper, 
AA,  and  is  directed  n])ward  through  the  checker-chamber,  AR,  by 
means  of  tlie  auxiliary  reversing-valve,  liV,  and  thence  downward 
through  the  checker-chamber,  GR,  burning  the  gases  from  the 
chamber,  CR  ;  and  the  damper,  A  A,  is  regulated  to  admit  the  de- 
sired amount  of  air  for  complete  combustion.     From  GR  the  gases 
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are  directed  through  the  damper,  i^,  into  the  chimney-flue,  by  means 
of  the  reversing- valves,  GV  and  RV ;  and  the  damper,  F,  is  regu- 
lated to  pass  the  desired  proportion  of  gases  through  the  vertical 
shaft,  S,  and  the  chamber,  CR,  respectively. 

The  result  of  reversing  the  valve,  RV,  is  to  alternate  the  action 
in  the  chambers,  AR  and  GR,  and  does  not  affect  the  gases  that 
pass  into  the  furnace.  The  result  of  this  alternate  action  is  to  main- 
tain these  regenerative  chambers  at  an  extremely  high  temperature 
in  the  upper  part,  and  at  a  comparatively  cool  temperature  in  th-e 
lower  part,  thus  forming  a  most  efficient  stove. 

The  valves,  ^  Fand  G^F,  are  reversed  together  in  the  usual  man- 
ner, for  the  purpose  of  alternating  the  action  in  the  stoves,  CL  and 
CR,  and  thus  maintaining  the  regenerative  action  upon  the  gases 
that  are  passed  throH,;/h  the  furnace.  Uniform  results  are  insured 
by  regularity  in  reversing  these  valves. 

It  may  be  mentioned  as  a  desirable  feature,  that  air,  thus  passed 
periodically  through  the  checker-work  used  for  preheating  the /we/, 
consumes  any  carbonaceous  matter  that  may  be  deposited  therein. 
It  may  also  be  mentioned  that  the  mechanical  energy  required  to 
produce  the  necessary  blast-pressure  of  the  air  and  gas  for  this  type 
of  furnace  and  stove  is  compensated  by  the  additional  increase  of 
temperature  due  to  the  combustion  of  fuel  under  a  greater  pressure. 
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AS  ILLUSTRATED  IN  PRACTICE  BY  OXE  OF  THE  FURNACES  OF  THE  TENNESSEE 
COAL,  IRON  AND  RAILWAY  CO.,  ENSLEY  CITY.  BIRMINGHAM,  ALA. 

BY"  FRED.  W.    GORDON,  PHLLADELPniA,  PA. 

(Birmingham  Meeting,  May,  1888.) 

The  heading  of  this  paper  was  prompted  by  the  knowledge  that 
experience,  up  to  this  time,  seemed  to  indicate  that  smaller  furnaces 
were  preferable  for  smelting  the  material  of  this  section. 

Since  the  reasonable  success  thus  far  achieved  by  the  first  furnace 
of  this  plant  tends  to  change  the  above  opinion,  and  unsettle  the 
generally- accepted  views  of  furnace-men  as  to  "weak"  coke,  a  few 
words  as  to  the  design  of  the  plant  and  the  mode  of  operation 
adopted  may  prove  interesting. 
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The  Coke. 

As  to  the  coke  question,  the  Institute  Transactions  contain  much 
interesting  matter  on  the  use  and  value  of  coke,  which  goes  mainly 
to  prove,  and  has  largely  contributed  to  establish  the  prevalent  be- 
lief, that  high  crushing  strcfigth  is  an  almost  absolute  requisite  in 
coke.  Southern  fiiriKu-c-nicn  have  had  to  face  the  battle  with  coke 
so  weak  that  handling  direct  from  the  cars  had  to  be  adopted  to  save 
great  waste;  and  yet  they  iiave  had  fair  success.  Tlie  knowledge 
of  this  work  led  the  writer  to  fancy  that  there  was,  perhaps,  too 
much  stress  laid  on  the  requisite  of  strength,  and  that  where  strong 
coke  was  not  obtainabk",  the  other  advantages  of  high,  large  furnaces, 
namely,  economy  of  fuel  and  labor,  were  not  to  be  abandoned, 
though  it  might  be  necessary  to  meet  some  troubles  incident  to  the 
use  of  moderately  soft  fuel.  Indeed,  I  am  prepared  to  say,  in  the 
light  of  recent  experience  with  this  plant,  that  our  cousins  in  the 
West  of  England,  who  raised  their  furnaces  to  eighty  feet  or  so,  and 
decapitated  tiieni  afterwards,  made  an  error  in  abandoning  height. 
Their  troubles  must  have  arisen  from  the  insutiiciency  of  blast,  in- 
terior lines  not  suitable  for  the  high  structure,  or  other  causes  or 
combination  of  causes,  or  from  following  out  the  practice  suitable 
to  the  low  furnaces,  which  may  not  have  been  proper  for  the  high 
ones. 

It  may  be  admitted  that  the  smaller  the  particles  of  coke,  the 
greater  will  be  the  resistance  to  a  given  volume  of  blast;  and  that 
if  the  particles  are  very  small,  dirt-scaffolds  are  liable  to  be  formed 
on  the  boshes.  But  with  well-burned  Pratt  coke,  furnaces  of  such 
height  and  diameter  may  be  employed  as  will  permit  the  attainment 
of  all  the  economy  of  fuel  hitherto  reached  in  blast-furnace  practice. 

The  analysis  of  the  Pratt  coke  shows  it  equal  to  the  Connellsville ; 
and  the  burden  carried  by  this  furnace  shows  that  the  analysis  is  a 
correct  indication  of  its  calorific  power.  The  only  difference  between 
the  two  cokes  is,  that  a  slightly  less  pressure,  and  consequent  higher 
speed  of  driving  might  be  attained  with  the  former  coke. 

The  Plant. 

The  plant  at  Ensley  City  consists  of  four  furnaces,  each  20  feet 
bosh  and  80  feet  high  ;  sixteen  Gordon-Whitwell-Cowper  stoves,  each 
21  feet  in  diameter  by  65  feet  high ;  sixty-four  return-flue  boilers, 
48  inches  in  diameter  and  34  feet  long  (there  being  two  flues,  each 
16   inches   in  diameter);   twelve  blast-engines,  with  42-inch  steam 
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cylinders,  84-inch  blowing-cylinders,  and  54-inch  stroke.  Other 
dimensions  of  furnaces  are:  Hearth-diameter,  10|^  feet;  charging- 
line  diameter,  16  feet;  bell-diameter,  12  feei;  eight  tuyeres,  di- 
ameter 7  inches ;  tuyeres  set  6  feet  from  bottom  of  hearth.  Angle 
of  bosh,  80°  ;  it  commences  at  the  tuyere-line,  and  the  in-wall  is 
straight  from  top  of  bosh  to  charging-line. 

These  furnaces  embody  the  patented  and  other  features  common 
to  those  built  by  Gordon,  Strobel  &  Laureau,  Ltd.,  of  Philadel- 
phia, the  engineers  of  this  plant. 

The  heating-stoves,  four  to  each  furnace  (three  being  used  at  a 
time  and  found  sufficient),  are  of  the  standard  Gordon- Whitwell- 
Cowper  type.  There  has  been  no  modification  of  any  kind  in  this 
type  of  stove  since  its  introduction,  three  and  one-half  years  ago; 
during  which  period  seventy-six  have  been  started  or  are  under  con- 
struction and  near  completion.  A  paper  read  at  the  Chattanooga 
meeting,  in  1885,  gives  particulars  of  their  construction. 

Ores,  Fuel  and  Flux. 

The  following  are  the  analyses  of  the  material : 
Hard  Ore  from  Eed  Mountain. 

Peroxide  of  iron, 55.4481 

Silica, 11.6 

Alumina, 2.0019 

Carbonate  of  lime, 29.2947 

98.3447 
Metallic  iron,  38.8  per  cent. 

Soft  Ore  from  Eed  Mountain. 

Peroxide  of  iron, 69.8278 

Silica, 21.48 

Alumina,       .        , 4.3321 

Carbonate  of  lime, 7875 

96.4274 
Metallic  iron,  48.88  per  cent. 

Limestone  from  Gate  City,  Ala. 

Peroxide  of  iron, 44 

Silica, 2.79 

Carbonate  of  lime, 94.22 

Magnesia  and  alumina, 2.519 

99.969 
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Coke  from  Puatt  MiNt:s. 


Moisture, 
Volatile  matter, 
Fixed  carbon, 
Sulplitir, 
Ash,       . 


The  ash  of  this  coke  contained, 


.175 
1.18 

86.733 
1.081 

10.82 

99.989 


Silica 5.455 

Alumina, 2.957 

Peroxide  of  iron,  .........       1.193 

Carbonate  of  lime, 315 

9.920 
The  total  ash  being,  as  above,  10.82. 

The  sampling  was  done  in  the  stock-house,  very  large  samples 
being  taken  and  carefully  treated,  to  reach  an  honest  average. 
Mr.  Alfred  F.  Braiiierd,  chemist,  of  Binuinghaiu,  performed  the 
sampling  and  analytical  svork. 

Blowing  In. 

Thirteen  cords  of  good  wood  was  put  in  the  furnace  like  a  crib- 
bing, but  very  loose;  this  readied  up  20  feet  from  the  hearth.  On 
this  was  dropped  20,000  pounds  of  coke.  Then  followed  80,000 
pounds  of  coke,  mixed  with  12  per  cent,  of  limestone.     Then, 


Coke. 

Hard  Ore. 

Soft  Ore. 

Limestone 

10  Charges,  . 

.     6000 

3000 

1500 

1420 

5, Charges,  . 

.     6000 

3300 

1650 

1490 

The  furnace  was  lighted  at  the  iron-notch  at  11.30  p.m.,  Thurs- 
day, Aj)ril  5th,  and  at  all  the  tuyeres  at  3  a.m.  on  the  6th.  At  5 
A.M.  filling  was  commenced  again  by  putting  in 

Coke.  Hard  Ore.       Soft  Ore.      Limestone. 

5  Charges,  ....     6000  3300  1650  1490 

and  the  furnace  was  filled  to  within  12  feet  of  the  top  by  10  a.m. 
with 

Coke.  Hard  Ore.       Soft  Ore.      Limestone. 

6  Charges,  ....     6000  3630  1850  1560 

During;  the  combustion  bv  draught,  which  was  well-checked  to 
give  time  for  an  adjustment  of  the  connections,  etc., 

Coke.         Hard  Ore.       Soft  Ore.     Limestone. 
4  Charges,  ....     6000  3630  1850  1560 

were  made. 
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Blast  was  {)ut  on  the  furnace  at  8  p.m.,  Saturday,  April  7th,  by 
running  one  engine,  25  revolutions,  equal  to  8500  cubic  feet  of  air 
per  minute  by  piston-displacement. 

The  temperature  of  the  blast  was  not  perceptibly  above  that  of 
the  atmosphere. 

The  first  cast  was  14  beds  of  white  and  mottled  iron,  made  at 
11.30  Sunday  night,  April  8tli.  At  this  time  there  were  40  revolu- 
tions, or  13,600  feet  of  blast,  on  the  furnace;  temperature,  700°  F. ; 
pressure,  2  pounds,  the  blast  and  its  temperature  having  been 
increased  simultaneously  and  as  regularly  as  possible.  Up  to  this 
time  the  furnace  had  taken  : 


Coke. 


Hard  Ore.       Soft  Ore.      Limestone. 


10  Charges,  . 

.     6000 

3900 

1950 

1560 

10  Charjfes,  . 

.     6000 

4200 

2100 

1560 

10  Cliarges,  . 

.     6000 

4500 

2250 

1560 

10  Charges,  . 

.     6000 

4800 

2400 

1560 

10  Charges,  . 

.     6000 

5100 

2550 

1620 

10  Charges,  . 

.     GOOO 

5400 

2700 

1680 

A  second  cast,  of  16  beds  of  Xo.  1  Mill,  was  made  at  8  a.m.  on  the 
9th,  at  which  time  the  blast-volume  was  18,000  cubic  feet,  the  tem- 
perature 1000°  F.,  and  the  pressure  4J  pounds;  and  the  following 
charges  had  been  filled  in  : 

Coke.  Hard  Ore.  Soft  Ore.  Limestone. 

10  Charges 6000  5700  2850  1740 

10  Charges,  ....     6000  6000  3000  1800 

10  Charges,  ....     6000  6300  3150  1860 

Succeedino'  casts  are  shown  in  the  followino:  table: 


No.  of 

Estimated  X 

). 

Cast. 

Time. 

of  Tons. 

Grade. 

3 

April    9,  3.30  p.m. 

22 

Xo.  1  Mill, 

4 

April    9,  8.30  p.m. 

24 

Opea  Bright, 

5 

April  10,  3.30  a.m. 

24 

Open  Bright, 

6 

April  10,  9.30  A.M. 

24 

Open  Bright, 

7 

April  10,  3.30  P.M. 

23 

Open  Bright, 

8 

April  10,  9.00  p.m. 

23 

Open  Bright, 

9 

April  11,  2.25  a.m. 

23 

Open  Bright. 

10 

April  11,  9.00  A.M. 

24 

Open  Bright. 

U 

April  11,  3.15  P.M. 

28 

Open  Bright. 

12 

April  11,  9.45  p.m. 

24 

No.  1  Foundry. 

13 

April  12,  3.15  a.m. 

24 

Xo.  1  Foundry. 

14 

April  12,  9.45  a.m. 

23 

Open  Bright. 

15 

April  12,  3.30  p.m. 

26 

Xo.  2  Foundry. 

16 

April  12,  9.00  P.M. 

26 

Xo.  2  Foundry. 

17 

April  13,  3.00  a.m. 

25 

Xo.  2  Foundry. 

Remarks. 
Up  to  the  8th  cast  the 
volume  and  temper- 
ature of  blast  had 
been  maintained  at 
19,000  ft.  and  1000° 
F.  and  the  pressure 
had  increased  to  5  lbs. 


140       LARGE  FURNACES  ON  ALABAMA  MATERIAL. 

The  estimated  amount  of  pig  for  each  cast  is  not  at  all  correct, 
and  is  below  the  facts,  the  scales  for  weighing  the  j)ig-iron  from  the 
casting-house  not  having  been  put  in  up  to  this  time,  and  the  com- 
pany's record  given  above  having  been  purposely  placed  below  the 
actual. 

During  the  time  these  casts  were  being  made  the  furnace  received 
the  following  charges 


Coke. 

Hard  Ore. 

SoR  Ore. 

Limestone. 

10  Cluirges,  . 

.     6000 

6600 

3300 

1920 

10  Charges,  . 

.     6000 

6it00 

3450 

1980 

10  Charges,  . 

.     6000 

7  200 

3600 

2040 

10  Cliarges,  . 

.     6000 

7500 

3750 

2100 

10  Cliarges,  . 

.     6000 

7800 

3900 

2100 

68  Charges,  . 

.     6000 

8100 

4050 

2220 

68  Cliarges,  . 

.     6000 

8400 

4200 

2280 

6S  Charges,  . 

.     6000 

8700 

4350 

2450 

68  Charges,  . 

.     6000 

9000 

4500 

2520 

After  several  days  working  of  this  last  charge  it  was  decided  that  it 
was  too  heavy  to  be  used  in  making  foundry  iron,  and  the  charge  of 
8700  hard  ore,  4350  soft  ore,  and  2450  stone  was  returned  to,  and 
continued  up  to  the  present  writing  (May  2d).  This  the  furnace 
has  been  found  able  to  carry  in  good  style. 

Yesterday  (May  1st)  the  furnace  was  under  the  last-named  burden ; 
the  volume  of  blast  was  22,000  cubic  feet,  the  temperature  1400° 
F.,  and  the  pressure  8  to  9  pounds.  This  is  kept  as  constant  as 
possible,  neither  the  burden,  temperature  nor  volume  of  blast  having 
been  changed  for  a  week  past. 

The  make  of  the  furnace,  165  tons  yesterday,  is  nearly  an  average 
for  each  day's  work. 

The  composition  of  the  slag,  intended  to  be  about  40  silica,  has 
changed  but  little.  We  started  with  it  a  little  too  high  in  silica, 
but  have  now  brought  it  down  to  the  required  condition. 

I  may  say  here  that  the  variation  in  the  composition  of  slags  in 
the  furnaces  in  the  Birmingham  district  is  exceedingly  slight,  the 
percentage  of  the  silica  rarely  varying  more  than  2  per  cent.     This 

1  particularly  wish  noted,  as  it  is  the  surest  proof  that  the  ores  of 
this  district  are  very  regular,  in  spite  of  the  accepted  opinion 
throughout  the  North  that  they  are  extremely  irregular,  and  that 
this  irregularity  has  caused  much  of  the  trouble  heretofore  expe- 
rienced in  smelting  them. 

At  our  Chattanooga  meeting  in  1885,  the  President,  Mr.  Bayles, 
estimated  the  fuel-consumption  of  Southern  furnaces  to  be  from  If  to 

2  tons  of  coke  per  ton  of  pig-metal.    This  statement  was  correct.    The 
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working  of  this  furnace,  however,  proves  the  possibility,  at  least,  of 
a  pound  of  iron  from  a  pound  of  coke;  for  the  above  mixture  is 
yielding  46  per  cent,  of  pig-iron,  and  figures  6003  pounds  of  iron  to 
6000  pounds  of  coke. 

Discussion. 

Alfred  F.  Brainerd,  Birmingham,  Ala.:  A  number  of  at- 
tempts have  been  made  in  the  Birmingham  and  other  districts  to 
improve  the  quality  of  the  coke  by  washing  the  coal.  The  Wood- 
ward Iron  Company  is  regularly  washing  its  coal,  with  decidedly 
beneficial  results.  The  Watts  Coal  and  Iron  Company  has  made 
an  experimental  success  in  washing  its  coal,  and  will  put  in  wash- 
ing machinery.  The  Cahaba  Coal  and  Railroad  Company  has  suc- 
cessfully washed  its  coal,  but  owing  to  the  increased  cost  has  decided 
to  abandon  the  project  and  to  improve  the  quality  of  its  coal  by 
assorting  it,  picking  out  the  slate,  etc.  The  Milner  Coal  and  Rail- 
road Company  has  made  a  partial  success  in  washing,  but  has  tem- 
porarily abandoned  its  ex{)eriments  in  this  direction,  intending  to 
take  the  matter  in  hand  again  in  the  future.  The  Coalburg  Coal 
and  Coke  Company  made,  in  1885,  many  ineffectual  and  unsuccess- 
ful attempts  to  wash  its  coal,  and  abandoned  the  process. 

In  connection  with  the  analyses  of  stock  in  Mr.  Gordon's  paper, 
it  should  be  observed  that  the  ore  was  wet  from  recent  rains,  and  the 
damp  samples  were  analyzed  without  drying;  hence  the  soft  ore, 
particularly,  shows  rather  less  iron  than  was  expected  of  the  average. 
But  the  analysis  shows  the  correct  average  of  the  stock-pile  as  it 
was  actually  charged  into  the  furnace. 

George  Jamme,  Dayton,  Tenn.  (revised,  July,  1888) :  It  is  now 
about  one  month  since  the  Birmingham  meeting  of  the  American 
Institute  of  Mining  Engineers  took  place,  and  the  reported  success 
of  the  Ensley  furnaces  continues.  I  see  nothing,  however,  to  change 
materially  the  opinion  expressed  l)y  me  at  tiie  meeting  on  Mr. 
Gordon's  paper,  which  appeared  to  me  at  that  time  to  be  rather  a 
"  headquarters-in-the-saddle"  sort  of  bulletin  than  a  convincing  and 
established  proof  that  high  and  large  furnaces  are  best  for  Alabama 
materials. 

I  have  too  much  respect  for  Mr.  Gordon's  evident  and  remarkable 
abilities,  and  courage  in  expressing  his  conviction,  to  criticize  cap- 
tiously his  expressed  opinions,  even  had  any  reverse  attended  the 
operations  of  the  two  Ensley  furnaces  now  in  blast.  Any  furnace  is 
subject  to  accident,  and  in  such  matters  conclusions  should  not  be 


142       LARGE  FURNACES  ON  ALABAMA  MATERfAL. 

hasty;  therefore,  I  propose  to  give  my  views  without  reference  to 
the  events  of  the  past  month's  career  of  the  Ensley  furnaces,  simply 
on  general  ]>rinciples,  as  I  gave  them  at  Birmingham. 

Mr.  Gordon,  in  introducing  our  English  cousins,  and  deprecating 
their  a.ction  in  decapitating  their  high  furnaces,  permits  a  wider 
range  of  criticism,  and  gives  an  opportunity  to  correct  a  prevalent 
notion  that  the  ores  used  in  the  furnaces  of  the  Birmingham  district 
and  the  Chattanooga  district  of  the  South,  are  one  and  the  same  in 
composition,  and  that  the  fuels  used  in  these  districts  are  also  the 
same.  I  do  not  know  that  Mr.  Gordon  holds  this  opinion,  but  I  do 
know  that  it  is  entertained  by  our  cousins  abroad  and  by  many  of 
our  Northern  friends. 

Coke. — Judffinff  from  what  we  have  seen  in  the  way  of  coke  at  the 
Ensley  and  Pioneer  furnaces,  the  coke  used  in  Alabama  is  not  a  soft 
coke,  or,  if  it  is,  it  need  not  necessarily  be  so.  There  are  many  places 
on  this  continent  where  coke  much  softer  and  much  more  poorly  put 
together  is  used,  and  still  money  is  made  in  the  manufacture  of  pig- 
iron.  If  the  coke  at  the  above-mentioned  furnaces  is  structurally 
soft,  it  is  due  to  bad  treatment  of  the  coal,  either  in  raining  or  im- 
mediately afterwards.  It  is  due  to  the  presence  of  slate  particles, 
or  rather  pieces,  more  or  less  large,  that  place  themselves  across  the 
columnar  structure,  arrest  the  action  of  the  incandescent  gases  in 
their  work,  and  by  their  resistance  to  parting  in  the  columnar  direc- 
tion cause  the  coke  to  break  across  when  being  pulled  and  before  the 
coke  leaves  the  oven.  The  result  is  a  general  friability  caused  by 
the  presence  of  these  slate  particles  or  pieces.  This,  however,  can 
be  remedied,  so  that  Pratt  coke  need  not  necessarily  be  called  a  soft 
coke;  and  there  is  no  reason  why  it  cannot  be  made  equal  to  fair 
competition  with  Connellsville  coke.  It  is  as  low  in  ash,  about  as 
high  in  carbon,  it  has  the  proper  ring,  is  equal  to  Connellsville  in 
cell-capacity,  and  I  believe  as  able  to  resist  crushing-test  as  any 
Connellsville  coke.  Washing  cannot  be  used  to  make  it  any  better, 
for  water  is  not  abundant  enough  in  the  South  near  the  Pratt  mines 
to  permit  that  process,  and  if  there  is  anything  in  the  claim  that 
the  Connellsville  ash  "makes"  the  Connellsville  coke,  it  may  as 
well  be  applied  to  Pratt  coke. 

In  the  Chattanooga  district  the  condition  of  the  coke  is  very  dif- 
ferent. Ash  is  more  abundant.  It  often  rises  to  23  per  cent,  when 
the  miners  are  careless,  and  19  per  cent,  may  be  called  normal.  In 
this  district  high  and  large  furnaces  have  been  advocated,  but  have 
not  been  as  successful  as  was  e.x])ected,  not  altogether  because  of  the 
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condition  of  the  coke,  but  for  reasons  relatinpj  to  the  ores  of  the  dis- 
trict. The  use  in  them  of  ores  of  the  Alabama  district  has  not, 
however,  altered  the  case.  Coke  made  under  the  same  conditions 
of  manufacture  as  those  of  the  present  practice  in  Alabama  and  Ten- 
nessee, would  work  exactly  the  same  if  made  of  coal  from  other 
districts,  and  with  such  coke,  the  dust-catchers,  absolutely  necessary 
in  Alabama  as  well  as  Tennessee,  would  be  required  in  districts 
where  they  are  not  yet  known,  to  relieve  the  gorged  stomachs  of 
furnaces.  With  this  evil  furnace-managers  in  Southern  practice  are 
well  acquainted.  Without  the  convenient  dust-catchers  the  coke 
would  fill  the  flues  with  a  dust  which,  moreover,  is  not  found  in  the 
South  to  be  as  good  a  fertilizer  as  the  dust  found  in  the  flues  of 
Northern  or  Eastern  furnaces. 

Plant — No  impartial  visitor  could  find  serious  fault  with  the  plant 
at  Ensley,  or,  in  fact,  with  any  of  the  recently-built  furnaces  in 
the  Birmingham  district.  When  the  Ensley  plant  is  complete,  it 
will  be,  without  doubt,  the  finest  in  the  world.  Nothing  has  been 
spared  to  endow  it  with  full  power  in  every  requisite.  The  plant  is 
simply  "monumental."  Is  this,  however,  a  criterion  of  economy?  Is 
it  a  commercial  perfection  ?  I  think  not.  I  take  it  for  granted  that 
furnaces  are  not  built,  like  monuments,  to  be  gazed  at  and  admired. 
They  must  have  a  successful  industrial  life  apart  from  natural  ad- 
vantages of  location  ;  in  other  words,  they  must  be  built  to  make 
money,  and  as  much  of  it  as  possible — not  in  a  spasmodic  manner, 
or  in  a  steeple-chase  style,  resulting  in  such  wrecks  as  are  to  be  seen 
in  and  around  Birmingham,  in  furnaces  that  are  hardly  a  decade  old, 
and  are,  by  the  way,  not  now  ostentatiously  exhibited  by  our  good 
friends  in  that  city.  It  is  quite  certain  that  the  large  furnaces  that 
have  been  in  operation  in  Birmingham  for  several  years  have  not 
been  as  successful  as  the  smaller  ones,  either  in  freedom  from  dis- 
aster, regular  running,  or  a  good  quality  of  metal.  With  smaller 
furnaces,  and  more  of  them,  the  risks  would  be  les-sened  ;  depressions 
would  be  tided  over  more  easily  by  a  more  elastic  control  of  produc- 
tion, and  the  first  cost  of  erection  would  not  be  enhanced  in  the  same 
degree  as  the  risk  and  loss  of  time  in  recovering  from  "  trouble," 
which  are  disproportionately  large  with  furnaces  of  excessive  width 
of  bosh  or  great  height.  For  instance  :  Was  the  Ferry  Hill  furnace, 
in  England,  with  103  feet  height  and  27  feet  of  bosh,  a  success,  as 
compared  with  the  80  feet  height  and  18  and  20  feet  bosh  of  Mid- 
dlesborough,  both  sizes  working  on  similar  materials?  Height  in  a 
furnace,  as  I  think  Mr.  Gordon  will  agree,  is  correlative  to  the  ease 
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of  roduoibility  of  the  ore  in  use.  Will  the  large  Ensley  be  as  suc- 
cessful in  the  use  of  the  red  fossil  ores  as  the  Belgian  furnaces  are, 
which  use  the  Minette,  and  make  respectable  quantities  at  a  price 
that  even  the  most  enthusiastic  real-estate  agent  in  Birmingham  or 
Sheffield  has  not  yet  dared  to  utter  ?  The  Belgian  furnaces  are  not 
high  furnaces  ;  their  height  reaches  only  a  few  feet  above  the  top  of 
the  boshes  of  the  Ensley;  their  stove-capacity  is  very  modest;  but 
their  low  consumption  of  fuel  is  remarkable,  and  may  yet  be  envied 
by  our  Ensley  friends  when  they  look  behind  the  returns. 

In  the  manufacture  of  foundry-pig  (and  that  is  tiie  kind  of 
stuff  the  Ensley  furnaces  will  have  to  make)  rapid  driving  becom&s 
an  absolute  necessity,  a  sine  qua  non  of  good  foundry-iron.  Anything 
that  retards  the  pace  gives  time  for  saturation  of  the  metallic  iron 
with  silicon,  and  is  the  cause  of  production  of  pig-metal  with  high 
silicon.  Mr.  Gordon  couples  large  diameter  with  height;  these 
assist  each  other  in  preparing  disasters ;  rapid  driving  is  accom- 
panied with  abundant  blast,  the  section  of  plastic  material  is  carried 
higher,  and  more  readily  within  the  reach  of  increased  burden  and 
cooling  influences,  and  less  under  control  than  in  the  smaller  fur- 
naces. 

Mr.  Gordon  does  not  seem  to  believe  in  the  irregularity  of  com- 
position of  the  Southern  ores.  With  more  extended  actual  practice 
he  would  liave  found  that  they  do  vary  greatly  (especially  the  hard 
ores)  in  the  amount  of  lime;  and,  unfortunately,  the  difference  does 
not  «irry  with  it  a  corresponding  change  in  the  proportion  of  silica. 
It  is  in  this  respect  that  I  fear  the  practice  of  carrying  a  high  per- 
centage of  silica  in  his  calculated  burden  for  slag  will  bring  him  to 
grief,  or  at  least  those  who  under  his  inspiration  are  in  pursuit  of 
large  production.  I  have  not  had  opportunity  to  obtain  an  analysis 
of  the  pig-iron  we  saw  at  Ensley,  nor  has  the  verdict  of  the  captious 
customer  had  time  to  become  known.  Even  at  this  time  of  writing 
I  cannot  see  yet  that  the  success  so  far  obtained  at  Ensley  is  due  to 
the  proportions  of  the  furnaces.  The  South  Ciiicago  furnaces,  which 
have  been  proposed  to  us  as  examples  of  successful  running,  are  not 
high  furnaces  in  the  proportions  of  the  Ensley;  and  I  would  ask 
Mr.  Gordon  whether  the  brilliant  success  at  the  Chicago  furnaces  is 
not  due  to  a  proper  mode  of  distribution  of  stock  at  the  top,  rather 
than  to  the  low  percentage  of  lime,  and  the  special  conditions  and 
relations  of  iron  and  cinder  produced.  This  mention  of  the  South 
Chicago  furnaces  n)ay  seem  digressive  in  discussing  furnaces  work- 
ing on  Alabama  materials;  yet  it  is  a  fair  parallel  argument.     Be- 
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fore  ranging  myself  to  Mr.  Gordon's  opinion  that  high  and  large 
furnaces  are  best  for  Alabama  materials,  I  shall  require  further  evi- 
dence produced  by  experience.  But  I  feel  quite  sure  that  no  one 
will  yield  with  more  grace  than  I,  if  any  good  way  can  be  established 
to  relieve  the  Southern  furnace-managers  of  some  of  the  ills  which, 
in  the  ^vords  of  our  former  President,  Mr.  Bayles,  make  their  hair 
turn  prematurely  gray. 

F.  FiRMSTONE,  Easton,  Pa.:  Coal-washing  in  this  country  has 
not,  in  very  many  cases,  proved  successful. 

No  doubt,  this  is  in  part  due  to  the  machinery  having  often  got  into 
the  hands  of  managers  who  did  not  understand  the  principles  of 
mechanical  separation ;  but  I  believe,  in  many  instances,  machinery 
has  been  put  up  in  places  where  a  careful  preliminary  examination 
would  have  made  it  clear  that  a  good  result  was,  in  the  very  nature 
of  the  case,  quite  out  of  the  question. 

Four  years  ago  we  tested  a  coal-seam  in  AVest  Virginia,  which  was 
very  favorably  situated  for  working,  and  of  which  we  owned  a  large 
area. 

The  coal  coked  well,  but  the  coke  contained  nearly  16  per  cent, 
of  ash,  and  showed  so  many  pieces  of  slate  that  the  chance  of  re- 
ducing the  ash,  by  washing,  to  6  or  7  per  cent,  (which  was  the  con- 
tent of  the  coke  we  were  making  from  another  seam)  seemed  good. 

As  a  preliminary  step,  a  large  sample  was  treated  with  chloride 
of  calcium  solution  in  Dr.  Drown's  laboratory,*  which  gives,  of 
course,  a  far  better  separation  than  the  most  perfect  jigging;  but  it 
was  seen  at  once,  that  to  bring  the  coke  up  to  the  desired  standard 
there  would  be  a  loss  of  from  21  to  28  per  cent,  of  the  coal,  which 
was,  under  the  circumstances,  not  to  be  thought  of. 

Had  we  fallen  into  the  hands  of  an  expert,  we  would,  in  all  proba- 
bility, have  arrived  at  the  same  result  by  running  a  dressing-plant. 

It  seems  to  me,  that  those  who  contemplate  coal- washing  ought, 
by  all  means,  to  submit  the  coal  to  this  simple  preliminary  test, 
whereby  they  may  know  beforehand  that  the  washing  can,  at  the 
best,  do  for  them  not  quite  so  well  as  the  separation  by  dense  solution. 

T.  H.  Aldrich,  Cincinnati,  Ohio:  In  this  discussion  the  fact 
seems  to  be  lost  sight  of  that  the  purity  of  the  coke  depends  upon 
careful  mining  of  the  coal.  It  is  my  belief  that  the  Pratt  and  other 
seams  would  produce  a  first-class  coke  if  the  coal  was  properly  mined. 
The  analyses  of  Alabama  coals,  in  general,  show  that  a  normal  coke 


*  See  Transactions,  vol.  xiii.  (1884),  p.  341  et  seq. 

VOL.  XVII. — 10 
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would  have  less  than  10  per  cent,  of  ash.  Careless  methods,  and  lack 
of  competition,  are  more  responsible  for  dirty  coke  than  the  coals 
themselves. 

E.  C.  Pechin,  Cleveland,  Ohio :  I  am  compelled  to  take  issue 
with  Mr.  Gordon  on  his  statement  that  the  "  Institute  Transactions 
contain  much  matter  on  the  use  and  value  of  coke,  which  goes  mainly 
to  prove  and  has  largely  contributed  to  establish  the  prevalent  belief 
that  high  crushing-strength  is  an  almost  absolute  requisite  in  coke." 

So  far  as  I  am  familiar  with  the  statements  of  the  Transactions, 
they  have  mainly  led  to  opposite  conclusions. 

As  far  back  as  1873,  Mr.  T.  F.  Witherbee  gave  an  interesting 
account  of  the  substitution  of  anthracite,  on  top  of  charcoal,  in  the 
Fletcherville  furnace,  Oct.  6-11  {Trans.,  ii.,  71). 

"The  anthracite  was  charged  directly  on  top  of  the  descending 
charges  of  charcoal,  and  notwithstanding  the  immense  weight  of  ma- 
terial as  compared  with  the  weight  of  charcoal  charge,  no  evidence 
of  crushing  was  apparent,  and  the  furnace,  to  say  the  least,  never 
worked  any  better."  One-half  of  the  charcoal  used  was  from  soft 
woods,  pine,  hemlock,  and  spruce. 

At  the  May  meeting  of  1878,  Professor  J.  A.  Church  presented  a 
carefully  prej)ared  paper  on  "  The  Mode  of  Combustion  in  the  Blast- 
furnace Hearth"  {Trans.,  vii.,  33).  In  it  he  argues  for  a  light, 
porous,  delicate,  and  easily  ignited  coke,  so  that  it  might  be  more 
readily  acted  upon  by  the  oxygen  of  the  blast.  With  this,  at  present, 
we  have  nothing  to  do.  The  following  is,  however,  germane :  "  The 
reason  why  a  similar  course  has  not  been  followed  in  coke-practice, 
is  a  mistaken  notion  that  such  fuel  is  not  strong  enough  to  carry  the 
weight  of  the  ore.  But  this  chimera  of  weak  fuel  should  be  passed 
by  as  belonging  to  the  traditional  period  of  furnace-management. 
....  This  mistaken  idea  has  maintained  itself  with  singular  per- 
versity." 

Mr.  F.  P.  Dewey,  in  his  paper  on  "  Porosity  and  Specific  Gravity 
of  Coke,"  June,  1883  {Trans.,  xii..  Ill),  only  refers  to  the  crush- 
ing proj)erties  of  coke  as  follows  :  "The  limit  (amount  of  cell-space) 
is  reached  when  the  cell-walls  become  so  thin  that  the  coke  is  unable 
to  bear  the  burden  in  the  furnace." 

Mr.  John  Fulton,  to  whom  we  all  are  so  much  indebted  for  his 
painstaking  and  valuable  researches,  in  October,  1883,  contributed 
an  important  paper  on  "The  Physical  Properties  of  Coke  as  a  Fuel 
for  Blast-furnace  Use"  {Trans.,  xii.,  212). 

The  only  allusion  to  a  crushing  effect  is  in  the  following  :  "  Cubes 
of  coke  were  used  for  the  reason  that  they  afforded  the  best  form 
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for  making  the  additional  test  of  compressive  strength^  indicating 
their  relative  hardness,  and  consequent  ability  to  resist  the  action  of 
the  gases  in  the  upper  regions  of  the  furnace,  and  sustain  the  burdea 
without  crumbling." 

He  found  the  height  of  furnace-charges  supported  without  crush- 
ing for  Connellsville  coke  114  feet,  West  Virginia  113  feet,  and  in 
the  Alabama  coke  of  that  day,  87  feet,  thus  practically  eliminating, 
even  if  there  were  anything  in  it,  the  crushing  question  from  any 
furnace  now  in  existence  in  the  United  States. 

It  would  therefore  appear  that  so  far  from  differing,  the  Institute 
and  ^Ir.  Gordon  are  quite  in  accord. 

As  to  the  height  of  a  furnace,  it  would  seem  to  me  that  tiiis 
should  properly  be  regulated  by  the  character  of  the  ores  to  be 
smelted  in  it. 

It  has  been  clearly  established  that  hematites  reduce  with  great 
rapidity,  and  do  not  require  to  be  kept  in  contact  with  the  reducing 
gas  anything  like  as  long  as  specular,  carbonate,  or  magnetic  ores. 
If,  with  given  materials  in  a  properly  constructed  furnace,  the 
gases  go  off  at  a  temperature  incapable  of  any  further  reduction, 
and  of  the  proper  composition,  at  70  feet,  there  is  no  use  in  build- 
ing to  80  feet. 

The  red  ores  in  the  South  would  seem  to  stand  in  the  list  of  easily 
reducible  ores,  and  the  inference  would  be  that,  with  a  properly- 
made  coke,  and  with  similar  heat,  a  furnace  70  feet  high  ouglit  to 
turn  out  relatively  more  iron  per  cubic  capacity  than  one  of  80  feet. 
Certainly,  such  a  furnace  would  be  less  expensive  and  more  readily 
handled  in  case  of  trouble. 

The  only  way  to  settle  the  question  would  be  to  have  two  furnaces, 
one  of  70  feet  and  one  of  80  feet,  worked  under  the  same  conditions 
and  the  results  noted. 

As  you  have  very  kindly  allowed,  Mr.  President,  considerable 
latitude  in  these  discussions,  will  you  permit  me  to  allude  very  briefly 
to  a  question  which  has  received  considerable  private  consideration 
among  the  members  present,  viz.,  the  effect  of  poorly-made  coke  in 
furnace-use? 

There  seem  to  be  two  very  serious  objections  to  the  use  of  soft  coke. 

Bell  has  very  clearly  shown  the  solvent  effect  of  carbonic  acid  gas 
upon  soft  coke  in  the  upper  part  of  the  furnace,  and  that  there  fol- 
lows a  positive  and  substantial  loss  of  fuel.  As  Fulton  well  puts 
it :  "  Every  pound  of  coke  consumed  by  the  gas  in  the  upper  region 
of  the  furnace  is  a  double  loss,  by  the  reduction  of  the  temperature 
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where  tlie  adtion  takes  place,  and  tlic  loss  of  fuel,  wliieh  should  have 
been  burned  near  the  tuyeres"  {Tranx.,  xii.,  217). 

Secondly,  a  highly  objectionable  mechanical  action  takes  place. 
According  to  Bell,  if  the  ore  has  been  properly  reduced,  at  25  to 
30  feet  from  the  top  of  a  7o-  or  80-foot  furnace  it  is  in  the 
shape  of  a  powder.  Under  this  zone  the  decomposition  of  the  lime- 
stone takes  place,  resulting  in  lime,  a  brittle  substance  that  in  its 
descent  must  rapidly  pidverize.  The  coke  is  the  only  material  that 
keeps  these  powders  from  aggregating,  and  affords  interstices  for  the 
passage  of  the  blast.  If  soft  coke  is  used,  it  breaks  up  in  the  fall, 
and  the  soft  edges  are  worn  off  in  its  rapid  descent ;  these  help  to  fill 
up  the  interstices,  growing  smaller  and  smaller,  practically  packing 
the  mass,  and  requiring  stronger  blast,  and  oftentimes  causing  grave 
irregularities  in  working,  if  not  scaffolds. 

In  using  soft  coke,  the  higher  the  furnace  the  greater  the  diflRculty ; 
not  because  it  crushes,  but  because  there  is  so  much  greater  space  for 
pulverizing,  running  and  packing;  soft  coke  wastes  in  every  direc- 
tion, from  the  time  it  leaves  the  oven  until  what  it  has  made  comes 
out  of  the  furnace  for  grading  and  sale.  A  thoroughly  good  coke 
ought  to  be  made  out  of  the  Pratt  seam  of  the  Warrior  coal-field  ; 
and  if  it  is  not,  the  users  of  it  cannot  be  pitied  for  the  losses  sus- 
tained. 

R.  AV.  Raymond,  New  York  City :  I  entirely  agree  with  Mr. 
Pechin  as  to  the  baselessness  of  the  notion  that  higher  furnaces  mean 
a  more  crushing  weight  on  the  burden,  and,  for  that  reason,  require 
special  strength  of  the  coke.  The  longer  travel  through  a  high  stack 
may,  indeed,  through  increased  abrasion,  pulverize  the  fuel  to  a 
greater  extent;  but  there  is  no  extra  weight — the  weight  due  to 
extra  height  being  wholly  carried  by  the  side  walls.  This  prin- 
ciple is  a  familiar  one  to  civil  engineers  (see  Transactions,  xiii., 
49.i).  It  is  the  reason  why  buildings  overloaded  with  loose  grain 
burst  their  walls,  not  their  floors.  It  is  impossible  to  bring  upon  a 
floor,  encloised  with  side-walls,  a  greater  weight  of  such  piled  loo.se 
material  than  the  weight  of  a  pile  the  bottom  of  which  just  covers 
the  floor.  The  truth  of  this  can  be  easily  shown  by  a  simple  experi- 
ment :  Take  a  glass  tube  (say  a  lamp-chimney),  clamp  it  in  a  vertical 
position,  and  adjust  at  the  bottom  the  scale  of  a  balance  so  that  when 
sand  is  |)oured  into  the  tube  till,  taking  its  natural  tahis,  it  just 
covers  the  bottom  (that  is,  the  jiart  of  the  scale  within  the  circular 
bottom-edge),  the  counterweight  holds  the  scale  against  that  edge. 
This  having  been  secured,  the  tube  may  be  filled  with  .sand  to  the 
very  top  without  producing  any  movement  of  the  scale.     The  tube 
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takes  all  the  extra  weight,  which,  being  thus  independently  sup- 
ported, does  not  affect  the  bottom. 

Any  one  who  has  looked  into  the  hearth  of  a  blast-furnace  in 
operation  will  admit  that  tiie  conditions  as  to  downward  pressure 
are  simila*-.  The  stock  arches  itself  in  the  furnace  ;  and  thouorh 
this  is  doubtless  less  uniformly  done  than  in  the  case  of  sand  in  a 
tube,  because  the  size  of  the  pieces  is  less  regular  (and  for  other 
reasons),  I  think  the  difference  in  the  two  cases  strengthens  the  force 
of  the  analogy ;  or,  in  other  words,  the  downward  pressure  in  the 
furnace  is  proportionally  less  than  in  the  experiment  I  have  de- 
scribed. 

Mr.  Gordon  (Communication  to  the  Secretary,  September,  1888) : 
Every  one  at  all  familiar  with  the  working  of  iron-ores  of  various 
compositions,  etc.,  must  admit  that  there  is  a  vast  difference  in  their 
reducibility.  Mr.  Jamme  and  Mr.  Pechin  seem  to  think  I  have 
either  not  recognized  this  fact  or  have  not  given  it  full  weight.  At 
least  their  criticisms  involve  the  inference  that  as  good  economy 
could  be  obtained  on  like  materials  with  furnaces  of  less  height. 
The  height  of  80  feet  was  adopted  at  Ensley,  that  good  fuel-economy 
might  be  secured;  and  the  result  shows  we  were  not  mistaken.  I 
am  persuaded  that  the  red  fossil-ores  of  Alabama  are  readily  reduced, 
and  that  better  results  may  be  obtained  from  them  with  low  furnaces 
than  has  hitherto  been  the  case;  but,  in  view  of  the  comparative 
results  so  far,  I  do  not  think  that  the  Ensley  furnaces  are  too  high. 

What  has  cubical  capacity  to  do  with  furnace-production?  It 
may  be  something  to  boast  of,  that  great  products  are  made  from 
small  furnaces;  but  for  a  given  product  on  a  certain  fuel-consump- 
tion experience  has  taught  us  that  it  is  desirable  in  every  way  to 
have  a  certain  engine-power,  boiler-power,  hoisting-capacity,  blast- 
heating  capacity,  and  size  of  cast-house.  It  is  therefore  quite 
evident  that  the  plant  cannot  be  materially  reduced  in  cost  by 
simply  reducing  the  furnace-stack.  Mr.  Pechin  suggests  70  feet 
instead  of  80  as  the  height,  since  it  would  cost  less  and  perhaps 
work  better.  The  saving  on  the  Ensley  plant  by  this  change  would 
not  exceed  two  per  cent,  on  the  whole. 

Mr.  Jamme  cites  the  Ferry  Hill  furnace  as  too  large,  compared 
with  the  moderate-sized  furnaces  at  jNIiddlesborough.  But  the  latter 
are  almost  identical  in  size  with  those  at  Ensley.  This  reference  is 
therefore  not  well  taken.  And  I  am  not  sure,  in  the  light  of  the 
great  increase  of  size  from  the  10-ton  charcoal-furnaces  of  a  few 
years  ago  to  those  at  Ensley,  and  still  larger  ones,  that  if  the  Ferry 
Hill  had   been    similarly  proportioned  and  blown  as  rapidly  per 
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unit  of  cubical  capacity  as  those  at  Middlesborongli,  it  would  not 
have  done,  at  least,  quite  as  well. 

I  believed  the  Pratt  coke  and  the  red  fossil-ore  of  Birmingham 
would  work  well  and  economically  in  large  furnaces,  and  so  they 
did.  No  amount  of  argument  is  equal  to  practical  results;  and  until 
the  small  furnaces  produce  pig-iron  with  as  low  a  consumption  of 
fuel,  labor  and  interest  on  plant  as  those  at  Ensley,  I  cannot  admit 
that  I  erred  in  recommending  20x80  feet  furnaces  for  these 
materials.  There  are  |)lenty  of  furnaces  working  similar  material 
varying  from  55  to  75  feet  in  height,  from  which  Mr.  Pechin  can 
get  the  practical  data  he  suggests  for  a  determination  of  the  question. 
These  have  been  operated  for  a  number  of  years,  and,  so  far  as  I 
can  learn,  by  no  chance  has  any  one  of  them  got  the  fuel-consump- 
tion as  low  as  has  been  reached  at  Ensley. 

Mr.  Jamme  very  unkindly  calls  the  plant  "monumental."  It 
was  not  so  intended,  either  by  the  designers  or  the  Company. 
Modern  American  blast-furnace  practice  calls  for  all  there  is,  or  is 
intended  to  be,  at  this  plant,  to  equip  four  such  furnaces.  Three 
84-inch  engines;  four  21  x  65  feet  fire-brick  stoves;  sixteen  48  x  34 
feet  double-flue  boilers,  with  moderate-sized  cast-houses,  and  wooden 
stack-house  (really  too  small),  cannot  be  considered  too  much  for  the 
requirements.  The  plant  is  roomy,  but  this  room  adds  nothing  to 
the  cost,  except  what  is  due  to  longer  cold-blast  mains,  flues  and 
water  pipes — a  very  small  sum  indeed.  To  novices  this  plant  may 
seem  immense  ;  but  engineers  should  take  it  in  detail,  if  any  criti- 
cism is  to  be  made.  It  has  nothing  excessive,  except  perhaps  the 
fourth  stove  to  each  furnace;  and  this  cannot  be  deemed  an  extrava- 
gance, seeing  that  so  many  experienced  manufacturers  consider  this 
extra  stove  advisable.  The  Edgar  Thomson  Steel  Co.,  the  Penn- 
sylvania Steel  Co.,  the  Cleveland  Rolling  Mill  Co.,  and  the  Pioneer 
Iron  Co.,  are  examples. 

If  "rapid  driving  is  a  necessity  for  foundry- pig,"  how  would  Mr. 
Jamme  do  it  with  less  support  than  there  is  at  this  plant? 

I  certainly  couple  height  with  large  furnaces,  not  "large  diameter 
with  height,"  as  Mr.  Jamme  says  ;  but  I  do  not  admit  that  these 
assist  in  preparing  disasters. 

Large  furnaces  were  condemned  wholesale  some  years  ago.  When 
the  Isabella  and  Lucv  furnaces  at  Pittsburgh  were  built,  beino^  20 x 
75  feet,  their  projectors  were  condemned  without  stint ;  and  the 
trouble  experienced  in  running  them  was  largely  attributed  to  their 
great  size.  Yet  to-day  this  is  a  favorite  size,  and  furnaces  of  these 
and  larger  dimensions  show  the  best  of  records. 
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Mr.  Jam  me  says,  "  Anything  that  retards  the  pace  gives  time  for 
the  saturation  of  the  metallic  iron  with  silicon,  and  is  the  cause  of 
the  production  of  pig-metal  with  high  silicon."  I  have  always 
understood  that  if  silica  is  reduced  the  silicon  would  impregnate 
the  iron  almost  instantaneously,  and  that  high  speed  of  driving 
niav  have  nothing  to  do  with  the  proportion  of  silicon  in  the  iron 
made,  or  rather  that  extra-slow  driving,  cooling  the  hearth,  will 
reduce  the  proportion  of  silicon,  if  all  other  conditions  remain  con- 
stant. Moreover,  in  fast  or  slow  driving,  the  percentage  of  silicon  is 
practically  under  control  by  regulating  the  composition  of  the  slag  and 
the  temperature  of  the  hearth,  the  latter  being  approximated  to  the 
point  desired  by  adjusting  burden,  blast-heat  and  speed  of  driving. 
Either  excess  or  lack  of  blast  will  tend  to  decrease  the  hearth-tem- 
perature. 

IfOTES  ON  THE  IROK-OBES,  FUELS,  AND  ULPROVED 
BLAST-FURNACE  PRACTICE  OF  THE  BIR- 
MINGHAM DISTRICT. 

BY  ALFRED  F.  BRAINERD,  BIRMINGHAM,  ALA. 

(Birmingham  Meeting,  May,  1888.) 

The  subject  of  the  supply  and  the  qualitv  of  the  iron-ore  and 
coke  of  this  State  has  suffered  exaggeration  and  misrepresentation 
in  both  directions.  Unsophisticated  persons  have  made  extraordi- 
nary reports  of  quality  and  richness,  which  could  not  be  supported 
by  facts;  while,  on  the  other  hand,  experts  have  selected  inferior 
samples,  and  upon  the  average  of  these,  which  was  not  by  any  means 
the  average  known  to  our  practice,  have  based  comparisons  favorable 
to  other  States.  Our  furnace-records  give  much  better  testimony 
as  to  the  run  of  our  ores,  the  calorific  duty  of  our  coke,  and  the 
burden  and  blast  which  it  will  bear.  Some  of  them  show  poorer 
ore-mixtures  than  others;  but  it  is  safe  to  say  that  the  Birmingham 
furnaces  produce  from  40  to  50  per  cent,  of  iron  from  a  mixture  of 
equal  parts  of  the  leanest  and  the  richest  ores,  as  classified  in  lar^re 
quantities.  And  certain  performances  on  record  here,  while  they 
do  not  represent  the  regular  or  average  practice,  may  be  fairly  urged 
as  proof  of  excellence  of  raw  material,  since  they  would  otherwise 
have  been  impossible,  even  as  exceptional  achievements.  Thus  one 
of  our  furnaces  has  made  iron  with  2500  pounds  of  coke  to  the  ton 
of  2300  pounds  (Mr.  Stratton,  1888);  another,  with  a  ton  of  coke  to 
the  ton  of  iron  (Mr.  Gordon,  1888);  another,  with  1.27  ton  of  coke  to 
the  ton  (2300  pounds)  of  iron,  the  product  in  the  last  case  being  from 
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all  by  55  ft.  furnace,  66  tons  for  24  hours,  and  the  blast-tempera- 
ture 1150°  F.  (Mr.  Edwards,  1888).  Such  low  fucl-consumjUion  is 
certainly  not  universal,  and  probably  not  advisable.  Some  of  our 
best  managers  ])refer  to  use  more  fuel,  and  secure  a  higher  (grayer) 
average  pig,  with  greater  "  margin  "  in  case  of  furnace  troubles.  But, 
I  repeat,  the  above  figures  could  not  be  realized  with  bad  stock. 

In  explanation  of  the  analyses  given  below,  I  recall  briefly  the 
geological  character  and  position  of  our  ore-deposits.  These  are  dis- 
tributed in  ridges  and  belts,  running  northeasterlv  and  southwesterly 
— a  distribution  which  naturally  follows  from  the  geological  structure 
of  the  State,  the  formations  of  which  have  that  general  course. 

The  Red  Mountain  near  Birmingham  is  the  most  important  out- 
cropping range  of  the  Clinton  fossil-ore,  which  here  attains  excep- 
tional thickness  and  value,  and  furnishes  the  principal  supply  to 
the  Birmingham  furnaces.  The  ore-bed  in  this  mountain  is  from 
10  to  20  feet  thick,  and  the  depth  to  which  it  has  been  mined  does 
not  exceed,  say,  300  feet. 

For  the  first  100  feet  from  the  surface  it  carries  "soft"  ore,  con- 
taining little  or  no  lime  carbonate,  and  averaging  from  50  to  55  per 
cent,  in  iron.  From  100  to  200  feet,  the  lime  carbonate  increases 
rapidly,  until  the  bed  carries  about  40  to  45  per  cent,  of  it,  and  only 
about  25  to  35  per  cent,  of  iron.  This  is  called  "hard"  ore.  In 
furnace-practice  it  is  not  unusual  to  mix  the  hard  and  soft  ore  in 
equal  parts,  utilizing  the  lime  of  the  hard  ore  as  flux.  One  furnace 
here  used  three  parts  hard  ore  and  one  soft  ore,  then  three  hard  ore 
to  one  brown  ore,  alternating  (Mr.  McCabe,  1885).  Sometimes  as 
little  as  250  pounds  of  limestone  is  added  to  4600  pounds  of  such  an 
ore-mixture.  But  mixtures  and  burdens  vary  greatly  in  the  district, 
nearly  every  furnace-manager  having  his  own  ideas  on  the  subject. 

Most  of  the  coke  is  now  made  from  the  Pratt  seam,  worked  at 
the  Pratt  mines  by  slopes  and  shafts.  The  seam  is  4  to  4|  ft-et 
thick,  and  the  deepest  shaft  reaches  at  about  350  feet  the  bottom  of 
the  basin,  which  is  seven  miles  wide.  The  daily  product  is  3000  to 
3500  tons  of  coal,  the  coke  from  which  supplies  the  Sloss,  Alice, 
Ensley,  Mary  Pratt,  and  Eureka  furnaces. 

In  the  Blue  Creek  basin,  which  is  three  miles  wide,  the  seam  is 
nine  feet  thick.  It  has  been  recently  developed  to  supply  the  De 
Bardeleben  Coal  and  Iron  Co.  for  its  two  blast-furnaces,  rolling- 
mills,  etc.,  at  Bessemer.  The  bottom  of  the  basin  is  1105  feet  from 
the  surface  on  the  incline  (varying  up  to  15°),  or  about  250  feet 
vertically. 

The  Coalburg  mines  are  located  on  a  part  of  the  Pratt  seam,  which 
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shows,  however,  at  this  point  a  different  physical  and  chemical 
character. 

The  Newcastle  and  Black  Creek  seams  are  both  mined  bv  the  Mil- 
ner  Coal,  Iron  and  Railroad  Co.,  at  Newcastle,  Ala.  One  scam  is  six 
feet,  the  other  four  feet  thick.  Col.  John  T.  Milner  has  produced  from 
both  washed  and  unwashed  coal  a  good  coke,  which,  on  a  48-hour 
trial  in  the  Mary  Pratt  furnace,  worked,  under  similar  conditions,  as 
well  as  the  Pratt  coke,  carrying  about  tiie  same  burden,  performing 
the  same  calorific  duty,  and  producing  an  excellent  grade  of  iron. 

The  Woodward  Iron  Co.  cokes  the  coal  of  its  own  mines. 

The  following  analyses  of  flux,  ore,  and  fuel,  made  by  me,  are 
offered  as  fair  samples  of  general  quality : 

I.  Limestone. 

Both  of  these  analyses  represent  the  limestone  used  by  the 
Tennessee   C.  and   I.  Co.,  No.  II.  being  from  a  sampling  of  the 

stock-pile. 

I.  II. 

FeO, 0.440  0.703 

Si02, 2.790  3.380 

ALA 1.297 

CaO.COs, 94.220  92.482 

MgO,C02, 2.519  0.757 

Undetermined  and  loss 0.031  1.381 

100.000  100.000 

II.  Iron-Ore. 

I.  Soft  ore,  from  the  stock-pile  of  the  Tennessee  C.  and  I.  Co. 
TI.  Hard  ore,  from  the  stock-pile  of  the  Tennes.see  C.  and  I.  Co. 

III.  Red  ore  from  between  Lakeview  and  Avondale  (owned  by  Pioneer 

I.  and  Mannf.  C'o.\ 

IV.  Red  hematite  from  a  vein  eight  feet  thick  in  Eastern  Alabama. 

I.  II.  HI.  IV. 

FeA,      •        .     69.828  55.448  75.543  90.778 

SiOj,        .         .     21.480  ll.GOO  18.000  5.060 

AIA,       •         •       4.332  2,092  Undetermined.  Undetermined. 

CaO,         .         .       0.788  29295  "  " 

Metallic  iron,  .     48.879  38.786  52.880  63.545 

Phosphorus,    .  0.130  0.056 

Analysis  IV.  represents  a  range  in  this  State,  which  I  believe  to 
contain  Bessemer  ores,  and  I  deem  it  not  premature  to  express 
such  a  judgment  upon  the  results  of  several  analyses.  Railroads 
now  projected,  or  in  progress  of  construction,  will  open  a  number  of 
parallel  ranges  of  both  brown  and  red  ores,  among  which  it  is  con- 
fidently expected  that  some  will  prove  low  enough  in  phosphorus 
for  Bessemer  and  open-hearth  use. 
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Iir.  Coke. 
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I.  Pratt  coke  sampled  from  the  stock-pile  of  the  Tenn.  C.  and  I.  Co. 
II.       "        "  "  "  "  "        Sloss  Furnace  Co. 

III.  "        "  "  "        coke-ovens  "  "  "        " 

IV.  "        "  "  "        stock-pile    "        Alice  furnace  (analyses,  1885). 
V.  Cahaba  coke,  analysis  of  1887. 

VI.       "  "  "  1888. 

VII.  Coalbnrg  coke, 
VIII.  Blue  Creek  " 
IX.  Watts  "     (from  washed  coal). 

X.  Newcastle    "  "  "  "      analysis  of  1887. 

With  improved  labor  and  judicious  mining  and  sorting,  the  Ala- 
bama coke  could  be  made  to  show  from  8  to  10  per  cent,  of  ash  in 
average  samples  at  the  furnace,  instead  of  10  to  12,  as  is  probably 
now  the  case.  A  reduction  of  3  per  cent,  in  ash  has  indeed  been 
accomplished  during  the  past  three  years  for  the  coke  from  the  Pratt 
mines,  by  improvement  in  labor  and  extra  precautions  in  mining  and 
sorting;  coal.  The  furnaces  feel  the  difference  in  the  smaller  amount 
of  coke  required  for  the  same  duty.  A  Birmingham  foundry- 
manager  recently  remarked  that  several  years  ago  he  succeeded  in 
melting  in  the  cupola  only  four  pounds  of  iron  with  one  of  coke, 
whereas  he  can  now  melt  eight  pounds  of  iron  with  one  pound  of 
coke.     This  compares  well  with  Northern  foundry-practice. 

Our  mining  labor  is  undoubtedly  inferior,  in  many  places,  at 
least,  to  the  free,  white,  skilled  labor,  especially  the  Cornish  and 
Welsh  labor,  trained  through  generations,  which  is  available  at  the 
North.  Convict  labor  of  whatever  race  is  certainly  inferior;  and 
our  free  labor,  whether  white  or  colored,  is,  in  general,  relatively 
inexperienced.  Yet,  with  these  drawbacks,  our  mining  is  cheaply 
done; — I  think  more  cheaply  than  elsewhere,  if  such  favored  locali- 
ties as  Lebanon,  Pa.,  be  excepted.  And  I  have  not  heard  that  the 
ability  to  mine  iron-ore  at  the  Cornwall  banks  of  Lebanon  for 
twenty-five  cents  or  less  per  ton  has  greatly  benefited  the  pur- 
chasers of  the  ore,  though  it  has,  of  course,  brought  wealth  to  the 
owners  of  the  mine  and  of  the  furnace  receiving  ore  from  it  at  cost. 

Having  been  brought  up  in  the  North,  I  took  pains,  four  years 
ago,  to  investigate  the  prejudice  which  existed  against  Southern 
irons.  After  many  inquiries  among  large  consumers,  I  was  satisfied 
both  of  the  fact  and  of  the  absence  of  a  solid  foundation  for  it. 
Indeed,  the  increased  market  for  such  irons  in  all  accessible  parts 
of  the  North  shows  that  when  they  can  be  bought^at  advantageous 
prices,  the  prejudice  vanishes. 
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NOTES  ON  THE  GEOLOGY  AND   ON  SOME  OF  THE  MINES 
OF  AbPEN  MOUNTAIN,  PITKIN  CO.,    COLO. 

BY   CARL  HENRICH,    M.E.,   NOBLE,   ILL. 

(nirmiiifjham  fleeting,  May,  1888.) 

I,  Introduction. 

Aspen,  the  flourishing  mountain-  and  mining-town  of  Pitkin 
county,  Colorado,  is  located  in  the  valley  of  the  Roaring  Fork,  41 
miles  above  Glenwood  springs,  where  that  stream  empties  its  waters 
into  Grand  river,  a  tributary  of  the  Colorado.  The  Roaring  Fork 
lieads  on  the  western  slope  of  the  Sa watch  range  near  Grizzly  peak, 
and  runs  in  a  general  northwesterly  direction  to  its  junction  with  the 
Grand  river.  Of  its  numerous  tributaries.  Castle  creek  joins  it  just 
below  the  town  of  Aspen,  the  town  being  built  on  an  extensive  flat 
bounded  on  the  northeast  by  the  Roaring  Fork  and  on  the  west  by 
Castle  creek.  The  latter  heads  at  the  junction  of  the  Sawatch  and 
the  Elk  mountains  and  flows  northward  between  the  two  chains, 
until  it  empties  into  Roaring  Fork.  Opposite  the  town  of  Aspen, 
Hunter  creek,  coming  westward  from  the  western  slope  of  Mount 
Massive,  joins  the  Roaring  Fork.  About  a  mile  north  of  Aspen,  the 
bed  of  Hunter  creek  is  at  least  300  feet  higher  than  that  of  the 
Roaring  Fork  at  Aspen,  Hunter  creek  forms  thus,  at  its  mouth,  one 
of  the  best  water- powers  in  Colorado.  A  portion  of  it  is  now 
utilized  for  electric  lighting  in  Aspen,  while  in  the  near  future,  the 
whole  of  this  magnificent  natural  power  will  be  applied,  through 
electric  transmission,  for  hoisting,  pumping  and  ventilating  at  dif- 
ferent mines  of  the  district. 

The  mountain  opposite  the  town  of  Aspen,  on  the  east  side  of  Hun- 
ter creek  (which  near  its  mouth  flows  southerly),  is  called  Smuggler 
mountain,  from  the  famous  mine  at  the  foot  of  it.  On  the  other,  or 
western,  side  of  Plunter's  creek  (see  map,  Fig.  1),  a  higher  mountain 
rises,  on  the  slope  of  which  the  regular  dip  of  the  Triassic  or 
Upper  Carboniferous  red  sandstone  strata,  alternating  with  white 
layers  of  the  sanie  rock,  can  be  clearly  seen  from  town.  This  moun- 
tain is  called  Red  mountain,  from  the  prevailing  color  of  its  rocky 
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sides.  South  of  Aspen,  Spar  gulch,  a  dry  ravine  nearly  parallel 
with  Castle  creek,  separates  Aspen  mountain  from  the  eastern  part 
of  the  mountain  spur,  dividing  Castle  creek  from  Roaring  Fork  and 


b  c 


C     C     ;i 


Difficult  creek,  another  tributary  of  the  latter.     (See  Geological  Map, 
Fig.  1.)     All  that  part  of«this  ridge  lying  west  of  Spar  gulch  and 
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Turtelotte  park  (at  the  head  of  Spar  gulch)  is  called  Aspen  mountain. 
This  is  again  divided  by  Pioneer  gulch  (a  steep  depression,  running 
from  the  town  up  the  north  slope  of  Aspen  mountain  to  its  crest, 
and  parallel  with  Spar  gulch),  into  Aspen  mountain  proper,  between 
Spar  and  Pioneer  gulches,  and  West  Aspen  mountain,  west  of  Pioneer 
gulch.  ' 

The  summit  of  the  ridge  of  Aspen  mountain  runs  nearly  north, 
gradually  descending,  while  the  crest  of  West  Aspen  mountain, 
forming  a  narrow  ridge,  and  in  places  a  sharj)  escarpment,  turns 
oflF  from  Aspen  mountain  to  the  northwest,  descending  rapidly  in  its 
course,  with  steep  sloj)es  and  precipitious  bluffs  on  both  sides,  and 
finally  ends  abruptly  about  half  a  mile  above  the  junction  of  Castle 
creek  and  Roaring  Fork,  close  to  Castle  creek. 

The  Asj)en  ore-dei)osits  were  discovered  in  1879  by  prospectors 
whom  the  Leadville  excitement,  then  at  its  height,  had  stimulated 
to  search  for  "carbonates"  and  "contacts,"  across  the  Sawatch 
range  and  along  the  belt  of  Silurian  and  Carboniferous  rocks,  de- 
picted on  the  maps  of  Hayden's  Geological  Survey.  (See  Hayden's 
map  and  section  of  the  Aspen  region,  Figs.  1  and  2.) 

The  town  of  Aspen  was  founded  in  the  same  year,  and  the  struggle 
for  prosperity  began.  Tiie  greatest  drawback  of  the  camp  was  its  dif- 
ficulty of  access.  Before  the  advent  of  railroads,  two  routes  were  o})en 
for  travel  into  or  out  of  Aspen.  The  original  settlers  of  Aspen  came  in 
over  two  different  trails,  both  afterwards  converted  into  wagon-roads. 
The  nearest  route  from  Leadville  was  by  way  of  the  Twin  Ltd^es, 
thence  following  up  Lake  creek  and  its  northern  fork  to  the  foot 
of  Hunter's  pass,  thence  across  the  pass  (11,700  feet  high)  to  Inde- 
pendence, a  then  flourishing  mining  camp  with  gold-quartz  veins, 
and  down  the  valley  of  the  Roaring  Fork  to  Aspen.  The  distance 
from  Leadville  by  this  route  is  in  the  neighborhood  of  50  miles. 
After  the  completion  of  the  Denver  and  Rio  Grande  railway  to 
Leadville,  Granite,  15  miles  below  Leadville  in  the  Arkansas 
valley,  became  the  nearest  railroad  point,  the  distance  over  the 
above  route,  via  Hunter's  pass,  from  Aspen  to  Granite  being  esti- 
mated at  30  to  35  miles.  The  stage  used  to  average  about  12  hours 
on  the  trij);  and  to  any  one  who  had  to  make  it,  the  distance  cer- 
tainly seemed  much  longer  than  35  miles.  The  other  route  started 
from  Buena  Vista  in  the  Arkansas  valley  (for  a  long  time  the  ter- 
minus of  the  D.  and  R.  G.  railway),  thence  passed  either  over  Cotton- 
wood pass  (11,900  feet  high),  at  the  head  of  Cottonwood  creek,  or 
over  Chalk  Creek  pass  (12,300  feet  high),  into  Taylor's  park  ;  thence 
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up  the  Taylor  river  and  across  Taylor  pass  (11,800  feet)  at  the  head 
of  it,  to  Castle  creek  and  the  mining  town  of  Asheroft ;  thence  down 
Castle  creek  to  Aspen.  The  distance  from  Buena  Vista  via  this 
route  is  stated  at  72  miles.  Later  on,  the  South  Park  railroad 
built  a  branch  up  Chalk  creek  to  St.  Elmo  and  the  Mary  Murphy 
mine,  and  stages  Avere  run  between  St.  Elmo  and  Aspen.  This  route 
necessitated  the  crossing  of  two  ranges,  and  the  distance  was  longer, 
but  the  roads  were  generally  better.  Most  of  the  freighting,  how- 
ever, was  done  via  Hunter's  pass,  to  and  from  Leadville  and  Granite. 
The  first  ore  from  any  Aspen  mine  was  shipped  in  the  early  spring 
of  1881,  from  the  Chloride  mine.  It  was  packed  to  Leadville  on 
''burros"  or  "jacks,"  and  as  much  as  $50  per  ton  was  paid  for  the 
transportation  alone.  It  goes  without  saying,  that  only  very  rich 
ore  could  be  shipped  in  those  times.  The  first  road  into  Aspen 
over  Taylor  pass  was  built  in  the  winter  of  1880-81  and  in  the 
early  summer  of  1881.  The  road  across  Hunter's  pass  was  built  in 
the  fall  of  1881  and  the  spring  of  1882.  The  first  freight-rates 
from  Buena  A'^ista  to  Aspen  were  6  cents  ])er  pound.  But  compe- 
tition in  freights  and  dulness  of  trade  in  the  camp  soon  brought 
rates  down  to  2|  cents  per  pound,  over  either  route  ;  and  before  the 
advent  of  the  railroads  in  1887,  freight  had  fallen  to  H  to  1|  cents 
per  pound,  which  is  not  much  above  what  the  railroads  charge  at 
the  present  time.  The  freight-rates  on  ore,  which  were  to  Granite 
from  $15  to  §20  per  ton,  constituted  the  main  drawback  to  the 
camp's  prosperity,  being  prohibitory  of  the  mining  and  shipping 
of  ores  of  lower  grades.  All  such  ores  were  thrown  on  the  waste- 
dumps  of  the  mines,  which  often  consisted  almost  altogether  of  such 
ore,  too  low  in  its  silver  contents  to  stand  the  combined  charges 
for  freight  and  treatment.  Tens  of  thousands  of  tons  of  such  ore 
had  accumulated  on  the  dumps  of  the  older  mines  when  the  rail- 
roads reached  the  camp;  and  a  large  part  of  the  ore-shipments 
during  the  period  from  December,  1887,  until  now  (April,  1888) 
has  been  taken  bodily  from  these  dumps,  only  the  larger  pieces  of 
barren  limestone  being  thrown  out,  and  all  the  remainder  shipped 
as  ore. 

The  first  mine  discovered  on  Aspen  mountain  was  the  Spar  mine 
on  Spar  ridge,  on  the  west  side  of  Spar  gulch.  This  ore  carried  a 
large  proportion  of  baryta,  whence  the  name.  I^ater  discoveries 
were  the  Smuggler,  at  the  foot  of  Smuggler  mountain,  and  the  Chlo- 
ride on  Aspen  mountain,  farther  up  Spar  gulch  than  the  Spar  mine. 
A  pocket  of  very  rich  ore  was  found  here,  cropping  out  on  the  sur- 
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face ;  and  the  product  from  this  pocket  was  the  first  ore  shipped 
from  Aspen.  Many  other  disco  reries  were  made,  but  mostly  of  ore 
of  too  low  a  (jradc  to  leave  much  profit,  after  mining  and  transpor- 
tation had  been  jiaid  for.  'The  town  of  Aspen  was  very  "dead," 
when  the  discovery  of  the  rich  and  large  ore-body  in  the  Emma 
shaft,  soon  followed  by  the  intersection  of  the  same  ore-body  in  the 
Aspen  shaft,  set  the  camp  "  booming."  The  "  boom,"  however,  was 
of  short  duration  ;  for  these  rich  strikes  led  to  a  protracted  "apex- 
side-line"  litigation,  only  recently  settled  by  compromise. 

But  the  proof  thus  furnished  of  the  existence  of  vast  quantities,  not 
only  of  low-grade  ores,  but  also  of  high-grade  silver-ores,  finally 
brought  the  long-desired  and  hoped-for  building  of  the  railroads  into 
Aspen.  The  Colorado  Midland  commenced  work  on  its  road  at  Colo- 
rado Springs  in  18S6,  with  the  avowed  aim  of  reaching  Leadville  and 
Aspen,  and  connecting  both  mining  towns  at  the  earliest  possible 
date.  In  less  than  two  years  this  broad-gauge  road  was  completed, 
over  the  roughest  country  any  broad-gauge  road  was  ever  built  over, 
to  Aspen,  the  first  train  running  to  Maroon  creek,  two  miles  below 
Aspen,  in  December,  1887,  and  into  Aspen  itself  in  February,  1888. 

The  building  of  the  Midland  road  stirred  up  the  Denver  and  Rio 
Grande  company.  While  the  Midland  reached  As])en  from  Lead- 
ville by  tunneling  through  Mount  Massive,  descending  Frying  Pan 
creek  and  ascending  the  Roaring  Fork,  the  Denver  and  Rio  Grande 
extended  its  already  existing  Red  Cliff'  branch,  from  Leadville,  via 
the  Tennessee  pass  (the  best  railroad  pass  in  Colorado)  to  Red  Cliff", 
thence  down  the  Eagle  river  to  its  junction  with  the  Grand,  down 
the  Grand  to  its  junctitai  with  the  Roaring  Fork  at  Glenwood 
Springs,  and  thence  up  the  Roaring  Fork  to  Aspen.  Although 
occupying  by  far  the  longer  route  of  the  two,  the  Denver  and  Rio 
Grande  was  the  first  to  complete  its  track  into  Aspen,  reaching  the 
town  with  its  first  train  on  October  '28th,  1887. 

Since  then  the  town  of  Aspen  has  flourished.  To  one  looking 
down  upon  it  from  Aspen  mountain,  new  houses  everywhere  display 
their  shining  fresh  lumber  or  bright  paints.  Solid  brick  business 
blocks  are  taking  the  place  of  the  old  log-cabins  and  slab-shanties. 
The  population  has  about  doubled  since  the  advent  of  the  railroads, 
and  Asjien  is  to-day  not  only  the  most  beautiful,  but  also  the  most 
prosperous  of  all  the  mining  towns  of  Colorado.  This  prosjierity 
is  not  ephemeral,  but  rests  on  the  solid  foundation  of  the  mines, 
which    in   extent  may  not  be  able  to  compete  with    Leadville,  but 
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which  in  the  average  richness  of  their  ores  far  surpass  the  o-reat 
Carbonate  Camp. 

Mucli  difference  of  opinion  has  existed  and  still  exists  concerning 
the  nature  of  the  ore-deposits  of  Aspen  mountain.  One  main  rea- 
son for  this  difference  hitherto  has  been  the  intense  bitterness  of 
feeling  between  the  parties  to  the  "apex-side-line"  law-suit,  which 
naturally  tended  to  disturb  the  accuracy  of  the  observations  made 
in  the  interest  of  either  party.  Although  engaged  on  the  "  side- 
line" part  of  the  suit,  I  believe,  that  it  has  had  no  influence  what- 
ever on  the  correctness  of  my  observations  and  studies  of  the  real 
nature  of  these  ore-deposits.  Entering  on  my  investigations  with- 
out any  bias  or  prejudice  either  way,  I  have  collected  the  facts  pre- 
sented below,  and  I  trust  that  the  conclusions,  which  I  shall  draw 
from  them,  will  be  such  only,  as  they  will  fairly  warrant. 

The  W'Cekly  shipments  from  Aspen  are  at  present  more  than  2000 
tons  of  ore.  While  much  of  this  ore  is  still  derived  from  the  waste- 
dumps  of  the  old  mines,  the  shipments  from  this  source  are  decreas- 
ing, while  the  total  shipments  are  increasing,  shown'ng  that  the 
opening  of  the  mines  will  more  than  compensate  for  the  falling  off 
due  to  the  exhaustion  of  the  dumps.  Three  hundred  tons  of  ore  per 
day  will  not  be  too  large  an  estimate  for  the  ore  to  be  mined  and 
shipped  during  this  year.  The  value  of  the  output  of  the  camp  will 
be  largely  increased  by  the  working  of  the  very  rich  ore-body  in  the 
Aspen  mine,  wdiich  has  lain  in  sight,  but  untouched,  for  years,  on 
account  of  the  (now  compromised)  law-suit  about  its  ownership. 


II.  General  Geology. 

That  part  of  the  Sawatch  range  which  interposes  its  masses  of 
Archsean  granite  and  gneiss  between  Leadville  and  Aspen  bears,  on 
a  map,  nearly  the  shape  of  a  crescent,  with  the  concave  side  towards 
Leadville.  This  is  mainly  owing  to  the  eastward  bend  taken  by  this 
range  north  of  its  highest  peak,  Mount  Massive.  While  the  general 
trend  of  the  Sawatch  range  is  north  and  south,  the  part  of  it  between 
Leadville  and  Aspen  has  an  axis  trending  northeast  and  southwest. 
Aspen  and  Leadville  are  about  equidistant  from  the  centre-line  of 
the  Sawatch  range,  assuming  that  this  line  passes  through  Mount 
Massive.  As  the  sedimentary  rock-formations  at  Aspen,  however, 
dip  at  a  much  steeper  angle  than  the  corresponding  formations  at 
Leadville,  we  may  be  justified  in  assuming  that  the  axis  of  the  up- 
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heaval  was  situated  in  closer  proximity  to  Aspen  than  to  Leadville, 
i.e.,  that  this  axis  passed  west  of  Mount  Massive.     (See  Fig.  2.) 

The  town  of  Aspen  is  situated  close  to  the  boundary  between  the 
Archaean  raetamorphic  granite  on  the  east  and  the  Palaeozoic  sedi- 
mentary rocks  on  the  west.  Crossing  Hunter's  pass  and  following 
down  the  valley  of  the  Roaring  Fork,  we  see  on  both  sides  the 
mountains  composed  of  granite,  until  we  emerge  from  the  narrow 
valley  into  the  flat,  on  which  Aspen  is  built.  Here  at  the  upper 
(east)  end  of  town,  on  the  east  side  of  Spar  gulch,  appears  a  bold 
outcrop  of  white  quartzite. 

These  layers  of  Cambrian  white  quartzite  rest  immediately  on  the 
granite.  They  are  the  exact  counterpart  of  the  Leadville  lower 
quartzite,  beautifully  white,  coarsely  crystalline,  and  containing, 
towards  the  top  of  the  series,  some  calcareous  layers,  in  which  small 
deposits  of  rich  ore  have  been  fouud. 

Above  these  quartzite  beds,  which  are  about  180  to  200  feet  thick, 
are  found  calcareous  and  siliceous  shales  and  thinly-bedded  siliceous 
dolomitic  limestones,  apparently  conformable  with  the  quartzite.  It 
is  doubtful  whether  the  beds  of  thin  siliceous  shales,  containino- 
some  lime  and  magnesia,  which  lie  between  the  siliceous  dolomitic 
limestones  of  this  group'  and  the  white  quartzite,  should  be  classed 
with  the  lower  or  the  upper  group. 

The  limestones,  however,  are  evidently  the  counterpart  of  the 
Leadville  Silurian  white  limestone.  They  have  a  similar  light  color, 
buff  when  weathered,  and  pale  greenish  or  blue  on  their  undecom- 
posed  fresh  surfaces.  The  top  layer  of  these  Silurian  limestone  beds 
is  formed  by  a  rather  thick  bed  of  very  homogeneous  fine-grained 
almost  lithographic  dolomitic  limestone.  The  thickness  of  these 
Silurian  beds  is  about  180  feet.  The  upper  layer,  just  referred  to, 
underlies  the  lower  of  two  parallel  bands  of  quartzite  which  form  a 
prominent  geological  feature  among  the  rocks  of  Aspen  mountain. 
The  lower  of  these  bands  of  quartzite  has  a  thickness  of  nearly  7 
feet.  It  consists  mainly  of  a  homogeneous  glassy  mass  of  quartz-rock 
with  yellowish  brown  enclosures,  probably  of  oxides  of  iron,  all 
through  it,  which  give  a  buff  color  to  the  whole  mass.  It  is  sepa- 
rated from  the  upper  band  of  quartzite  by  23  to  24  feet  of  siliceous 
dolomite  layers,  of  the  same  appearance  and  character  as  the  Silurian 
dolomites  below.  The  upper  band  of  quartzite,  9  feet  thick,  is  from 
the  reddish  color,  which  it  has  on  its  weathered  surface,  one  of  the 
most  prominent  and  easiest  recognized   layers  of  rock   on   Aspen 
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mountain,  and  forms  a  convenient  datum-line  for  measurements. 
This  quartzite  band  presents  rather  the  character  of  a  fine  con- 
glomerate of  quartz-grains,  enclosing  between  them  some  ferrugi- 
nous matter,  which  gives  to  the  rock  on  fresh  surfaces  a  yellowish- 
brown  tint,  turning  red  on  weathering.  The  two  quartzites  with 
the  enclosed  24  feet  of  siliceous  dolomites,  in  a  total  thickness  of  40 
feet,  agree  in  this  feature,  and  in  their  geological  position,  with  the 
40  feet  of  "  Parting  quartzite,"  which  in  Leadville,  according  to 
Emmons's  researches,  divides  the  Silurian  from  the  Carboniferous 
formation. 

Above  these  quartzite  bands,  which  I  shall  hereafter  call  the 
parting-quartzites,  we  find  the  Lower  Carboniferous  limestone, 
which,  at  Aspen,  as  at  Leadville,  and  in  many  other  western  locali- 
ties, is  the  ore-bearing  rock  par  excellence.  These  Lower  Carbon- 
iferous limestones,  on  Aspen  mountain,  are  from  300  to  400  feet 
thick,  more  heavily  bedded  than  the  Silurian  dolomites,  and  contain, 
where  unaltered,  much  less  silica. 

This  limestone  occurs  either  as  a  dolomite  or  as  a  pure  limestone. 

The  first  has  received  tlie  local  name  of  "brown"  limestone  ;  the 
latter,  that  of  "blue"  limestone,  from  their  prevailing  colors,  as 
found  iu  the  mines. 

The  Lower  Carboniferous  limestone  of  this  region  has  been  partly 
dolomitized.  The  mass  of  dolomite  in  this  formation  forms  always 
the  lower  layers,  while  the  upper  100  to  150  feet  are  mainly  unal- 
tered limestone.  These  upper  layers  of  "blue"  limestone  contain, 
however,  local  bands,  lenticular  masses  and  irregular  bodies  of  dolo- 
mite, undistinguishable  in  character,  composition  and  appearance, 
from  the  dolomite  forming  the  lower  layers  of  the  same  formation. 

There  are  many  reasons  for  the  assumption,  that  these  dolomite 
layers  were  not  originally  deposited  as  such,  but  were  deposited  as 
pure  limestones,  and  afterwards  partly  dolomitized,  and  that  this 
doloraitization  is  still  soins:  on. 

The  first  reason  is,  that,  while  the  total  thickness  of  this  forma- 
tion remains  reasonably  constant  over  large  areas  of  country,  the 
division  into  dolomite  and  blue  limestone  is  only  local,  i.e.,  the  rela- 
tive thicknesses  of  the  underlying  body  of  dolomite  and  of  the  over- 
lying blue  limestone  vary  very  much  in  different  localities.  I  am 
informed  that  this  change  in  the  thickness  of  the  dolomite  and  blue 
limestone  can  be  very  clearly  seen  on  the  face  of  a  bluff,  which  follows 
the  course  of  Rock  creek  for  nearly  five  miles,  and  is  entirely  com- 
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posed  of  this  Lower  Carboniferous  limestone,  where  the  thickness  of 
the  dolomite  dwindles  to  15  or  20  feet  and  swells  to  over  100  feet, 
with  a  corresponding  increase  and  decrease  in  the  thickness  of  the 
overlying  blue  limestone.  But  we  need  not  go  outside  of  Aspen 
mountain  to  verify  this  statement.  The  thickness  of  the  blue  lime- 
stone is  found  to  vary  here  between  90  and  150  feet. 

The  second  reason  for  assuming  a  dolomitization  of  originally  pure 
limestone,  is  the  fact  that  the  division-line  between  the  underlying 
dolomite  and  the  overlying  blue  limestone,  the  so-called  "  contact," 
does  not  always  follow  a  clearly-defined  seam,  or  even  a  stratifica- 
tion-plane. Where  the  "contact"  is  found  in  undisturbed  position 
in  the  mines,  we  frequently  see  the  division  between  blue  and  brown 
limestone  pass  through  the  middle  of  a  solid  layer  of  limestone,  the 
upper  part  of  this  layer  being  typical  unaltered  blue  limestone,  and 
the  bottom  typical  dolomite,  and  the  one  changing  into  the  other 
along  an  indefinite  curved  or  zig-zag  line,  which  makes  it  difficult 
to  say,  where  the  dolomite  begins  and  the  blue  limestone  ends.  I 
have  seen  hand-specimens  taken  from  this  so-called  "  blended  con- 
tact," which,  although  not  over  two  inches  thick,  showed  the  di- 
vision-lines between  blue  and  brown  limestones  on  the  opposite  faces 
of  the  slab,  at  right  angles  to  each  other.  Besides,  as  already  stated, 
the  lenticular  bodies  and  irregular  masses  of  dolomite,  occurring 
irregularly  and  locally  in  the  upper  mass  of  unaltered  Lower  Car- 
boniferous blue  limestone,  are  of  exactly  the  same  composition,  tex- 
ture and  appearance  as  the  dolomites  from  the  lower  beds. 

Some  of  the  richest  ore-bodies  on  Aspen  mountain  having  been 
found  near  the  junction  of  the  dolomitic  and  the  blue  limestone  of 
this  formation,  it  has  been  maintained  that  this  dolomite  was  of 
Silurian  age,  and  the  "  blue  "  limestone  only  Lower  Carboniferous ; 
that  the  ore-deposits  occurred  as  a  contact-vein  between  the  two 
formations.  In  view  of  the  above-cited  facts,  I  cannot  accept  this 
theory.  There  is  no  doubt  that,  at  least,  the  upper  mass  of  the 
dolomites  above  the  parting-quartzite  bands,  and  probably  all  beds 
above  these  quartzite  bands,  belong  to  one  and  the  same  geological 
age,  which  we  may  safely  pronounce  to  be  Lower  Carboniferous, 
since  the  unaltered  blue  limestone  of  this  formation  is,  without 
doubt,  of  that  age. 

Professor  Lakes,  in  his  report  on  The  Geology  of  the  Aspen  Min- 
ing Region,  in  the  Biennial  Report  of  the  Golden  State  School  of 
Mines,  1886,  assigns  these  dolomite  beds,  together  with  those  below 
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the  parting-quartzites  (which  latter  he  mentions  as  a  bed  of  brown 
quartzitc,  20  to  50  feet  thick,  occurring  in  the  dolomite  beds),  to 
the  Silurian  or  the  Sub-carboniferous  formation,  or  partly  to  both. 
He  is,  also,  of  the  opinion  that  the  dolomites  were  originally  de- 
posited as  limestones,  and  only  afterward  changed  to  dolomites.  An 
essential  distinction  between  the  dolomites  above  and  those  below 
the  parti ng-quartzite  bands  escaped  the  observation  of  Professor 
Lakes.  While  the  silica-content  of  the  Lower  Carboniferous  dolo- 
mites is  very  low  and  corresponds  to  the  silica-content  of  the  unal- 
tered blue  limestone  of  the  same  formation,  all  the  dolomites  below 
the  parting  quartzites  contain  much  silica — never  less  than  10  per 
cent. 

This  difference  in  silica  is  one  of  the  characteristic  distinctions 
between  the  Lower  Carboniferous  dolomite  of  Leadville,  the  ore- 
bearing  rock  of  that  region,  and  the  Silurian  white  limestones  below 
the  parting  quartzite. 

Another  distinction  between  the  Lower  Carboniferous  dolomites 
and  the  Silurian  dolomites  of  Aspen,  is,  that  the  former  are,  on  an 
average,  much  more  heavily  bedded  than  the  latter.  In  fact,  these 
dolomites  are  of  such  different  lithological  character,  that,  after 
getting  acquainted  with  their  appearance,  there  is  no  danger  of  mis- 
taking one  for  the  other. 

Above  the  Lower  Carboniferous  formation,  overlying  the  "  blue" 
limestone  beds,  we  find  on  Aspen  mountain,  dark  blue  or  black 
calcareous  shales,  often  exceedingly  siliceous,  and  always  very  pyri- 
tiferous.  These  correspond  to  the  Weber  shales  overlying  the  blue 
dolomitic  limestones  of  Leadville.  Among  these  shales,  as  in  Lead- 
ville, we  find  local  seams  of  impure  coal  and  much  carbonaceous 
matter,  which  gives  to  the  rocks  of  this  formation  their  dark, 
sometimes  jet  black  color.  There  are,  however,  among  these 
shales,  local  developments  of  limestones  much  resembling  and  fre- 
quently mistaken  by  the  miners  for  the  desired  blue  limestone  of 
the  lower  formation.  These  Middle  Carboniferous  limestones,  how- 
ever, carry  always  more  or  less  pyrites,  as  an  impregnation  and  in 
seams,  while  the  Lower  Carboniferous  limestone  is  almost  entirely 
free  from  pyrites.  The  Middle  Carboniferous  limestones,  more- 
over, contain  a  greater  amount  of  silica  and  from  10  to  15  per  cent, 
of  carbonate  of  magnesia.  The  thickness  of  this  formation  is  hard 
to  determine,  as  it  is  very  seldom  found  in  its  entire  thickness  in 
one  place,  much  of  it  having  been  removed  by  erosion,  and  it  is  also 
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split  up  in  wedge-shaped  or  lenticular  masses  in  most  places  by  in- 
trusive sheets  of  eruptive  rock.  The  Last  Scheme  shaft  on  the 
north  slope  of  Aspen  mountain,  above  the  town,  has  passed  verti- 
cally through  more  than  300  feet  of  these  shales,  and  is  still  in 
them.  It  is  therefore  safe  to  assign  to  the  Weber  shales  at  this 
point  a  thickness  of  over  300  feet. 

This  completes  the  description  of  the  sedimentary  rocks  found  on 
Aspen  mountain.  For  the  sake  of  comparison,  I  give  the  geological 
section  of  the  sedimentary  rocks  of  the  Mosquito  range  (Leadville) 
according  to  Emmons;  that  of  the  Aspen  mountain  rocks  as  given 
by  Prof.  Lakes  in  his  report ;  and,  finally,  my  own  section  of  the 
latter. 

Leadville  Section  {Mosquito  Range;    Emmons). 


Geological 
Age. 

Description  of  Rocks. 

Thickness. 

Carboniferous. 
550  feet. 

350 
200 

Compact,  hea'vilv  bedded,  dark  blue  limestone,  a  typical  dolo- 
mite,  with  black  chert  on  top  layer.      "Blue"    limestone. 

Silurian. 
160  feet. 

40 
120 

Light  gray  siliceous  dolomitic  limestone  with  white  chert  con- 

Cambrian. 
200  feet. 

White  quartzite  passing  up  into  calcareous  and  argillaceous 

200 

Archaean. 

Archaean  granite. 

Aspen  Mountain  Section  {Prof.  Lakes). 


Carboniferous. 
ISO  feet. 


Silurian. 
340  ft.-o70  ft. 


Cambrian. 
300  feet. 


Archaean. 


Weber  shales,  black,  calcareous,  pyritiferous,  and  coal-seams. 
Middle  Carboniferous ;       60 

Lower  Carboniferous,  "blue"  limestone,  compact,  heavy 
bedded,  bluish-gray  limestone,  not  dolomitic,  with  siliceous 
concretions  of  black  chert '     120 


Drab  dolomite  brecciated  near  top 

Brown  quartzite 

Drab  and  pale  gray  dolomite  with  white  chert., 
Brown  quartzite  (position  uncertain) 


100 

20 
200 

20-50 


Light  gray,  very  siliceous  limestone,  dolomitic  with  white  chert 
concretions |     100 

White  quartzite,  some  thin  shales  on  top  and  stratum  of  sili-| 
ceous  limestone '     200 


Archaean  granite. 
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Aspen  Mountain  Section  (C.  Henrich). 

Middle  Carboniferous  Weber  shales.  Dark  blue,  often  black, 
calcareous  slates,  often  very  siliceous,  always  pyritifcrous, 
with  local  developments  of  dark  blue  limestone  beds  and 
seams  of  iiiijiure  coal 

Lower  Carbon ifeious  limestone.  Dolomite  in  its  lower,  pure 
limestone  in  its  upper  layers,  the  latter  containing  local 
bodies  of  dolomite ". 

Reddish  quartzitc  band  of  fine  conglomerate  texture 

Fine-grained  siliceous  dolomite 

Butt-colored  quartzite 

Light-colored,  thinly-bedded,  siliceous  dolomites 


Over  650  feet  of 

Carbonifer-. 
ous,  of  which 
the     lowest 
layers  may  be 
Devonian. 


40  feet 
Devonian. 

(■•) 


Silurian. 
160-180  feet. 


Cambrian. 
200  feet. 


Arch  Dean. 


Wliite  quartzite  beds,  with  thin  siliceous  shales  and  calcareous 
beds  on  top. 


Archaean  granite. 


over  300 
350 


160-180 


It  will  be  seen  from  the  above  compilation,  that  the  main  differ- 
ence between  myself  and  Prof.  Lakes  is  to  be  found  in  his  assign- 
ing the  lower  siliceous  dolomites  to  the  Cambrian  series,  while  I 
find  in  them  the  counterpart  (almost  identical)  of  Emmons's  Silu- 
rian white  limestone  of  Leadville.  Then  Prof.  Lakes  assigns  to 
the  parting  quartzite  an  uncertain  position,  and  gets  a  greater  thick- 
ness of  the  strata  above  it.  This  stratum  of  brown  quartzite,  to 
\vhich  he  assigns  a  thickne.ss  of  20  to  50  feet,  is  unknown  to  me,  and  I 
am  led  to  belie  e,  that,  in  getting  his  geological  section  on  the  slopes 
of  Spar  gulch,  he  has  unknowingly  counted  one  of  the  quartzite 
bands  and  some  of  the  siliceous  dolomites  twice.  This  may  very 
easily  occur  in  that  region,  if  no  account  is  taken  of  the  numerous 
breaks  or  faults,  which  run  obliquely  to  the  strike  of  the  strata  and 
displace  the  outcrops  of  the  different  rocks,  so  that  one  and  the  same 
quartzite  band  may  easily  appear  as  two  different  ones,  occurring  in 
different  geological  horizons.  These  faults  had  been  scarcely  de- 
veloped, and  were  unrecognized  at  the  time  of  Prof.  Lakes'  ex- 
amination. 

The  eruptive  rock  of  Aspen  mountain,  called  by  the  miners  por- 
phyry, has  been  so  much  decomposed  throughout  its  mass,  that  even 
from  a  depth  of  200  feet  below  its  top  and  the  surface,  specimens 
taken  from  the  Schiller  shaft  and  analyzed  by  Mr.  A.  W.  Hare  con- 
tained 9  per  cent,  of  carbonate  of  lime.  Prof  Lakes's  report  con- 
tains the  result  of  the  micro.scopical  examination  of  pieces  of  the 
"porphyry"  of  this  region  by  Prof.  AVendell  Jackson,  University 
of  California,  which  I  give  here: 

"  The  rocks  are  so  decomposed  that  determination  is  difficult. 
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Aspen  mountain  'porphyry'  contains  quartz  in  great  abundance, 
with  liquid  inclusions  and  movable  bubbles  in  the  quartz.  The 
feldspar  may  be  either  plagioclase  or  orthoclase  (too  decomposed). 
Chlorite  occurs  as  a  secondary  production  in  fibrous  aggregates,  as- 
suming; the  columnar  form  of  the  original  mineral  from  the  decom- 
position  of  which  they  have  resulted.  That  mineral  is  probably 
hornblende.  It  is  long,  columnar,  has  oblique  extinction  of  25°, 
with  columnar  axes,  but  without  pleochroisra,  so  far  as  I  can  detect, 
which  hornblende  generally  has.  The  rock  is  probably  a  quartz- 
diorite.  The  rock  from  Richmond  Hill  contains  orthoclase  and 
plagioclase  feldspar,  porphyritically  disseminated  through  a  fine- 
grained base  of  quartz  and  orthoclase  with  large  crystals  of  quartz." 

The  "  porphyry  "  occurs  in  intrusive  sheets,  and  as  dykes  through 
the  sedimentary  rocks.  The  main  mass  of  the  porphyry  left  on 
Aspen  mountain  (the  greater  part  having  evidently  been  long  ago 
removed  by  erosion)  occurs  as  a  thick  intrusive  sheet  in  the  Weber 
shales,  only  a  small  thickness  of  these  shales  generally  intervening 
between  the  top  of  the  Lower  Carboniferous  limestone  and  the  por- 
phyry. It  is,  however,  found  in  intrusive  sheets  and  in  dykes  cut- 
ting diagonally  across  the  strata,  in  nearly  all  the  sedimentary  rocks 
of  the  mountain.  There  are  two  varieties  of  this  porphyry,  the  one, 
evidently  the  older,  forming  the  main  intrusive  sheet  now  constitut- 
ing the  top  of  Aspen  mountain.  It  contains  very  little  pyrite,  dis- 
tributed in  extremely  fine  grains  through  its  mass.  It  is  white  with 
a  slight  greenish  hue,  due  to  the  chlorltic  particles  contained  in  it. 
It  has,  like  the  Leadville  white  porphyry,  the  characteristic,  that 
when  weathered,  it  is  stained,  from  the  surface  in,  by  concentric 
layers  of  iron  oxide. 

The  second  variety  occurs  chiefly  as  dikes  breaking  through  the 
stratified  rocks,  and  to  a  much  smaller  extent  than  the  former.  It 
has  more  of  a  dark  gray  to  gray-and-white  mottled  color,  and  con- 
tains a  large  amount  of  pyrites,  sometimes  as  high  as  60  per  cent,  of 
its  mass  being  composed  of  that  mineral  (this,  of  course,  only  in 
spots).  It  is  very  easily  decomposed,  and,  when  totally  decomposed, 
forms  a  plastic,  tough  clay,  containing  a  large  amount  of  quartz  sand 
and  pyrites.  These  clays  vary  in  color  from  dark  gray  to  white,  and 
are  frequently  found  in  some  of  the  mines.  Other  products  of  this 
decomposition  are:  a  honeycombed  quartz-rock  containing  a  large 
amount  of  pyrites,  and  a  coarse,  gritty  quartz-sand,  loosely  cemented 
together.  Where  this  porphyry  comes  in  contact  with  sedimentary 
rocks,  the  parts  near  the  contact  are  frequently  changed  to  quartz- 
rock. 
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III.  Special  Geology. 

Aspen  mountain  presents,  in  the  small  area  which  it  covers,  one 
of  the  most  complicated  geological  structures  imaginable.  As  already 
observed,  it  is  bounded  north  by  the  flat,  on  which  the  town  of  Aspen 
is  built,  and  whence  it  rises  precipitately  2000  feet  to  the  crest  visible 
from  town,  thence  on  a  more  gentle  slope  to  Turtelotte  park,  which 
separates  it  from  the  southern  continuation  of  the  mountain  spur 
between  the  waters  of  Difficult  and  Castle  creeks,  parallel  tributaries 
to  Roaring  Fork.  On  the  west  it  is  bounded  by  the  valley  of 
Castle  creek, and  on  the  east  by  Spar  gulch,  which  in  its  upper  course 
gets  a  little  farther  away  from  Castle  creek,  thus  affording  a  greater 
breadth  to  the  higher  part  of  Aspen  mountain.  About  midway 
between  Spar  gulch  and  Castle  creek,  running  up  the  north  slope  of 
the  mountain,  as  will  be  recalled  from  the  description  already  given. 
Pioneer  gulch  divides  it  into  Aspen  mountain  proper  on  the  east, 
and  West  Aspen  mountain  on  the  west. 

Fig.  3  is  a  plan  of  part  of  Aspen  mountain,  indicating  the  mine 
workings.  On  this  plan  the  different  workings  are  numbered,  as 
follows: 


10. 
IL 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 


Silver  Star,  old  workings. 

Chloride  south  incline. 

Chloride  north  incline. 

Grand  Opening  shaft  (since  relo- 
cated and  renamed). 

Dnrant-Chloride  workings. 

Old  Bonnybel  shaft. 

Bonnybel  south  incline. 

Bonnybel  discovery-tunnel. 

Bonnybel  "  parting-quartzite  "  tun- 
nel. 

Eanies's  Bonnybel  workings. 

La  Salle  shaft  and  workings. 

Teaser  discovery-shaft. 

Teaser  working-shaft. 

Little  Giant  workings. 

Visino  tunnel  and  incline. 

Apex  tunnel  No.  14. 

Apex  incline  No.  13. 

Apex  tunnel  No.  8. 

Forrest  black  shale  shaft. 

Forrest  west  tunnel. 

Forrest  main  shaft. 

Democrat  shaft. 

Stillwell  shaft. 

Delta  shaft. 

Apex  incline  No.  4. 

Durant  incline. 


27.  Ennna  discovery-tunnel. 

28.  Hutchinson's  Emma  incline. 

29.  Emma  "Cave  "shaft. 

30.  Emma  tunnel. 

31.  Connamara  shaft. 

32.  Schiller  shaft. 

33.  Aspen  shaft. 

34.  Hercules  shaft. 

35.  Emma  shaft. 

36.  Vallejo  shaft. 

37.  Washington  No.  2  shaft. 

38.  Washington  shaft. 

39.  Spar  working-incline. 

40.  Spar  discovery-tunnel. 

41.  Spar  brown-lime  tunnel. 
42. 
43. 

44.  General  Shield's  tunnel. 

45.  Robert  Emmett  shaft  and  incline. 

46.  Golconda  tunnel. 

47.  Golconda  shaft. 

48.  Veteran  tunnel. 

49.  Franklin  shaft. 

50.  Jessie  shaft. 

a  a  a,  Durant- Aspen  "court  drift." 

b  b.  Aspen  No.  2  drift. 

c.  West  cross-cut  in  Aspen  2d  level. 


>  Lower  Spar  workings. 
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To  get  a  tolerably  clear  notion  of  the  geological  features  of  Aspen 
mountain,  one  should  ascend  Spar  gulch  to  the  Princess  Loufse 
shaft,  on  the  face  of  its  eastern  quartzite  slope,  about  a  mile  above 
town;  thence  ascend  the  western  slopeof  the  gulch  to  the  top  of  the 
upper  end  of  Spar  ridge,  between  the  Little  Giant  discovery  cut  and 
the  La  Salle  shaft,  past  the  Bonnybel,  Chloride  and  Visino  mines; 
thence  cross  the  head  of  A'allejo  gulch,  past  the  Aspen  and  Conna- 
mara  shafts  to  the  Schiller  shaft,  on  the  crest  of  the  ridge  forming  the 
west  side  of  Vallejo  gulch ;  thence  follow  the  county-road  to  the 
head  of  Pioneer  gulch  on  the  top  of  Aspen  mountain,  inspecting 
the  shafts  and  tunnels  on  tlie  west  side  of  that  gulch  ;  then  follow 
along  the  steep  northern  slope  of  West  ,\spen  mountain  to  its  end 
near  Castle  creek  at  the  west  end  of  the  town.  This  route  will  be 
pursued  in  the  following  description.  It  might  be  partly  repre- 
sented on  the  map,  Fig.  4,  by  drawing  an  irregular  curve  as  follows  : 
Beginning  where  the  8740-foot  contour-curve  crosses  Spar  gulch, 
passing  the  Bonnybel  tunnel  and  workings,  the  Visino  incline,  the 
Little  Giant  tunnels,  the  Teaser  shaft  and  the  Democrat,  to  the 
Schiller  shaft,  near  the  end  of  the  9300-foot  contour-curve. 

The  east  side  of  Si)ar  gulch,  below  the  Princess  Louise  shaft,  is 
composed  altogether  of  the  white  layers  of  the  Cambrian  quartzites. 
The  small  amount  of  rich  ore  so  far  produced  by  this  mine  has 
come  from  the  quartzites,  or  probably  more  correctly,  from  one  of 
the  calcareous  layers  intercalated  among  them.  This,  at  least,  is  the 
supposition,  indicated  by  the  location  of  the  shaft  and  the  chai'acter 
of  the  ore.  I  am  not  acquainted  with  the  workings  of  the  mine. 
It  was  worked  steadily  during  last  winter,  but  is  now  closed.  The 
ore  is  said  to  be  rich,  and  looks  rich ;  but  the  quantity  produced  has 
been  small.  The  bed  of  the  gulch  marks  approximately  the  upper 
limit  of  the  Cambrian  quartzites;  at  least  the  upper  layers  of  this 
formation  do  not  extend  far  up  the  western  slope  of  the  gulch.  The 
stratification  of  the  quartzite  here  is  very  plain,  many  of  the  denuded 
edges  forming  the  surface  of  the  hill  on  the  east  slope  of  the  gulch. 
The  dip  of  the  Cambrian  strata  here  is  N.  30°  W.  40°,  which  is 
about  the  prevailing  average  dip  of  the  sedimentary  formations  in 
the  vicinity  of  Aspen. 

Ascending  the  w'est  slope  of  the  gulch,  we  pass  over  detritus, 
mainly  of  the  Silurian  dolomites,  and  soon  reach  the  foot  of  a  vertical 
bluff  of  these,  showing  their  thinly-bedded  layers  to  the  height  of 
about  80  feet,  and  dipping  in  the  same  direction  and  at  the  same 
angle  as  the  quartzite  beds  just  described.     Above  this  bluff  is  the 
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Bpnnybel  Quartzitc  tiimiel,  80  callccl  heoause  it  follows  the  lower 
parting  quartzite  for  some  distance  alono;  its  strike  into  the  hill.  A 
small  amount  of  very  rich  ore,  the  remainin<^  traces  of  which  are 
still  to  be  seen,  was  taken  in  early  days  from  this  tunnel.  The 
upper  band  of  the  parting  quartzite  crops  out  a  little  distance  above, 
and  may  be  followed  obliquely  S.  W.,  up  the  hill,  to  its  end  in  a 
small  cut,  directly  under  the  waste-dump  of  the  Bonnybel  mine. 
Here  a  cross-fault  throws  the  formations  on  the  south  about  two 
hundred  feet  lower  than  those  on  the  north  of  it.  The  coarse 
of  this  fault  has  been  shown  by  surface-strippings  and  cuts,  made 
by  the  "side-line"  people  during  the  late  litigation.     This  work  led 

to  the  discovery,  in  one  of  the  cuts  south  of  the  fault,  by  Mr.  

Eames,  who  conducted  these  surface-explorations,  of  the  outcrop  of 
the  famous  Bonnybel  ore-body.  He  secured  a  six  months'  lease  on 
the  Bonnybel  claim,  then  thought  almost  worthless.  Over  ^600,000 
worth  of  ore  was  shipped  from  this  mine,  or  rather  quarry,  during 
last  winter.  The  mining  operations  consisted  almost  exclusively  in 
excavating  a  huge  chamber  in  the  side  of  the  mountain,  the  thin 
roof  of  rock  and  earth  left  between  this  chamber  and  the  outside 
being  cemented  and  held  firmly  by  the  frost.  Nearly  all  the  work 
was  done  during  the  hours  of  the  day,  in  daylight,  and  almost  the 
whole  of  the  material  excavated  was  shipped  as  ore.  When  spring 
came  and  the  frost  left  the  ground,  the  roof  of  the  chamber  tumbled 
in  and  gave  the  mine  more  than  ever  the  appearance  of  a  large 
quarry. 

From  the  small  cut  which  exposes  the  fault,  cutting  off  the 
quartzite  band,  we  ascend  to  the  Bonnybel  mine  and  the  Visino 
tunnel  directly  above  it,  passing  first  over  Lower  Carboniferous 
dolomite  for  about  50  feet  (to  which  thickness,  however,  should  be 
added  the  200  feet  of  throw  by  the  fault,  since  we  now  ascend  on  the 
south  side  of  the  fault,  while  before  we  crossed  the  end  of  the 
quartzite  band  we  were  on  the  north  or  relatively  uplifted  side). 
The  upper  part  of  these  50  feet  of  dolomite  is  marbleized,  and  the 
cause  may  be  seen  in  the  tongues  of  porphyry  penetrating  the  mar- 
bleized limestone  in  many  parts  of  the  Bonnybel  workings.  From 
this  dolomitic  marble  we  pass  to  marbleized  blue  limestone  on  top  of 
the  Bonnybel  workings,  and  keep  on  this  kind  of  rock,  until  we 
reach  the  Visino  shaft-house.  All  the  rocks  thus  far  passed  over 
dip  northwesterly  at  the  same,  or  nearly  the  same,  angle  as  the 
quartzite  in  the  bed  of  Spar  gulch. 

The  site  of  the  Visino  shaft-house  has  been  excavated  in  a  body  of 
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porphyry,  which  here  comes  up  through  the  marbleized  litnestone. 
This  porphyry  ends  abruptly  to  the  northward  in  those  surface-cuts 
which  led  to  the  discovery  of  the  Bonnybel  ore-body.  Its  lower 
side,  here  in  cut  Xo.  10,  pitches  S.W.  at  an  angle  of  35°  from  the 
horizontal.  Immediately  below  the  Visino  shaft-house  a  short  tun- 
nel has  been  driven  through  the  marbleized  blue  lime  to  the  por- 
phyry. Here  the  pitch  of  the  contact  between  marble  and  por- 
])hyry  is  nearly  vertical,  and  a  drift  carried  20  feet  along  this  con- 
tact shows  no  alteration  in  this  pitch.  The  porphyry  is  changed 
for  about  a  foot  from  the  contact  into  a  quartz  rock,  impregnated 
with  much  pyrites,  while  near  the  contact  seams  of  baryta  run 
through  the  marble  as  well  as  through  the  porphyry.  The  marble 
in  the  immediate  vicinity  is  slightly  impregnated  with  silver,  assay- 
ing in  spots  3  to  4  ounces  to  the  ton. 

Beyond  a  belt  of  porphyry  about  50  to  60  feet  wide  is  the  blue 
limestone  bluff  of  the  Little  Giant  mine.  In  the  face  of  this  blnif 
are  two  bands  of  dolomite,  each  about  3  to  4  feet  thick.  All  these 
rocks  are  still  dipping  N.W.  This  limestone  bluff,  the  most  north- 
erly of  many  of  like  appearance,  projects  like  a  tower  from  the 
eastern  slope  of  the  ridge  running  southerly  to  Turtelotte  park.  On 
the  top  of  the  bluff  is  the  Little  Giant  discovery  cut,  made  in  the 
blue  limestone,  on  a  vertical  seam  of  spar  and  ore. 

In  passing  along  the  top  of  this  limestone  knoll,  there  is  seen  to 
the  south  porphyry  cropping  out  on  the  surface;  and  beyond  this, 
about  350  feet  to  the  south,  another  limestone  bluff  springs  from 
the  slope  of  the  mountain,  behind  which  bluff,  to  the  west,  appears 
the  La  Salle  shaft-house,  west  of  which,  again,  the  porphyry 'comes 
to  the  surface  and  forms  the  rest  of  the  mountain-side  to  its  summit. 

On  the  north,  the  limestone  knoll  forms  a  cliff,  falling  down  ver- 
tically almost  to  the  Forrest  tunnel,  driven  at  the  bottom  of  the  cliff 
for  some  distance  into  solid  blue  limestone.  At  the  mouth  of  this 
tunnel  is  a  small  tongue  of  porphyry,  very  much  decomposed, 
pitching  steeply  south  under  the  bluff.  This  porphyry  tongue  marks 
the  extension  of  either  the  Bonnybel  fault,  or  another  fault  developed 
in  the  workings  of  Apex  tunnel  No.  8  (see  the  topographical  map  of 
this  part  of  Aspen  Mountain,  Fig.  4),  or,  most  probably,  the  con- 
tinuance of  both.  That  a  large  fault  runs  through  here,  is  further 
shown  by  one  of  the  Forrest  shafts,  which  has  been  sunk  close  to  the 
mouth  of  the  tunnel,  and  below  it,  in  Middle  Carboniferous  black 
shale. 

Looking  N.E.,  down  Yallejo  gulch,  is  seen  the  shaft-house  of  the 
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Golcoiula  shaft,  sunk  thrcugh  the  Mi(k]le  Carboniferous  shale  into 
the  Lower  Carboniferous,  and  connecting,  with  an  inclined  winze 
over  -JOG  feet  deep,  the  Spar,  Washington,  Emma,  and  Vallejo  mines, 
belonging  to  the  Aspen  Mining  and  Smelting  Company,  with  the 
Veteran  tunnel.  This  winze  is  now  used  as  an  ore-chute  and  tram- 
way to  deliver  the  ore  of  the  mines  mentioned  at  the  mouth  of  the 
Veteran  tunnel,  only  a  few  hundred  feet  above  the  track  of  the 
Colorado  Midland  railroad,  whence  it  is  brought  cheaply,  by  a 
system  of  inclined  and  gravity  tramways,  into  ore-bins  near  the  rail- 
road track,  to  be  finally  dumped  through  an  inclined  chute  directly 
into  the  railrond  cars.  The  interposition  of  receiving-bins  between 
the  mines  and  the  cars  is  necessary  to  keep  apart  the  different  kinds 
of  ore,  which  vary  materially  in  their  character  and  cost  of  treat- 
ment. 

Above  this  Golconda  shaft,  and  scattered  over  the  western  slope 
of  Spar  ridge,  where  the  blue  limestone  crops  out  everywhere, 
appear  the  shaft-houses  of  the  Spar  incline,  and  of  the  Vallejo  and 
Emma  shafts.  The  Aspen  shaft  is  located  farther  up  in  the  bottom 
of  the  Gulch,  and  had  to  pass  through  60  feet  of  porphyry  "wash" 
and  shales,  before  reaching  the  Lower  Carboniferous  limestone. 

Still  farther  up,  and  on  the  west  side  of  Vallejo  gulch,  is  the  shaft- 
house  of  the  Connamara  shaft,  which  was  sunk  620  feet,  the  bottom 
being  still  in  the  Lower  Carboniferous  blue  limestone.  A  large  fault 
evidently  passes  between  the  Aspen  and  Connamara  shafts,  throw- 
ing the  western  side  a  considerable  distance  below  the  eastern.  The 
broken  country  near  this  fault,  if  not  the  fault  itself,  has  been  en- 
countered in  the  long  S.W.  drift  driven  by  the  Durant  party  under 
orders  of  the  Court  across  the  Aspen  claim  into  the  Connamara  claim, 
and  also  at  the  bottom  of  the  Visino  incline,  near  the  Connamara- 
Aspen  boundary  line,  750  feet  below  the  surface.  The  dip  of  the 
fault  at  the  points  mentioned  seems  to  be  steeply  east,  while  in  the 
workings  of  the  Veteran  and  Enterprise  tunnels,  as  well  as  in  the 
Robert  Emraett  incline,  driven  in  a  northwesterly  direction,  the 
breaks  or  faults  encountered  dip  northwest.  It  is  highly  probable 
that  either  or  both  of  the  faults  encountered  in  these  workings  are 
the  northern  continuation  of  the  Connamara  fault. 

Northwest,  towards  the  Schiller  shaft,  the  eastern  boundary-line  of 
the  outcrop  of  the  Weber  shales  is  crossed  a  little  east  of  the  Teaser 
shaft.  This  shaft,  at  a  depth  of  24  feet,  leaves  the  slates  and  enters 
the  blue  limestone,  which  at  this  point  has  a  vertical  thickness  of 
only  95  feet.     The  ground   here  is  covered  deeply  with  porphyry 
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wash,  SO  that  it  cannot  be  determined  at  what  point  the  Weber  shales 
cease  and  the  outcrop  of  the  main  porphyry  sheet  begins.  The 
Schiller  shaft  was  sunk  375  feet  through  solid  porphyry  to  the  Weber 
shales,  from  which  point  to  its  present  depth  of  about  425  feet,  it 
has  passed  through  alternate  layers  of  shales  and  white  and  dark- 
gray  porphyry.  When  continued  to  the  top  of  the  Lower  Carbon- 
iferous limestone,  this  shaft  will  afiFord  a  very  interesting  section, 
throwing  much  desirable  light  on  the  geological  structure  of  this 
part  of  the  mountain.  The  surface  of  the  mountain,  from  the  Schiller 
shaft  west  to  the  head  of  Pioneer  gulch,  is  covered  with  porphyry, 
constituting  the  main  intrusive  sheet  of  the  mountain.  Of  the  maxi- 
mum thickness  of  this  intrusive  sheet  very  little  is  now  known.  Its 
greatest  observable  vertical  thickness  is  exposed  at  the  head  of  Ophir 
gulch,  about  a  mile  south  of  the  head  of  Pioneer  gulch,  where  it 
breaks  off  in  a  vertical  bluff,  showing  a  vertical  thickness  at  that 
place  of  800  feet  of  porphyry. 

Neither  deep  shafts  nor  any  other  developments  of  importance 
exist  at  present  between  the  Schiller  shaft  and  Pioneer  gulch.  All 
we  know,  thus  far,  is  that  this  part  of  the  mountain  is  covered  by 
the  remnants  of  the  immense  intrusive  sheet  of  porphyry,  the  largest 
part  of  which  has  long  since  been  removed  by  erosion. 

The  central  part  of  West  Aspen  mountain,  on  the  west  side  of 
Pioneer  gulch,  is  formed  by  a  sharp  ridge  of  granite,  which  occupies 
the  axis  of  a  very  steep  anticline,  all  the  sedimentary  rocks  and 
part  of  the  granite  itself  on  the  summit  of  the  anticline  at  the  top 
of  the  central  part  of  West  Aspen  mountain  having  been  removed 
by  erosion,  if  they  were  ever  there.  It  is  more  probable  that  the 
strata  of  the  sedimentary  rocks  were  broken  and  torn  asunder  by 
the  upheaval  of  the  underlying  granite.  The  direction  of  the  axis 
of  this  anticline  is  north  and  south,  and  therefore  crosses  West 
Aspen  mountain  diagonally,  afterwards  running  farther  south, 
parallel  with  and  west  of  upper  Aspen  mountain.  As  the  crest  of 
this  uplifted  ridge  of  granite  seems  to  have  been  nearly  horizontal, 
and  as  the  whole  formation  rises  to  the  southeast,  the  farther  south 
we  go  on  this  summit  of  the  ridge,  the  nearer  we  get  to  the  original 
surface  of  the  main  Archsean  granite  body  of  the  Sawatch  range, 
and  the  less  will  its  disturbing  agency  on  the  overlying  sedimentary 
strata  be  observed.  While  the  result  of  the  upheaval  of  this  granite 
ridge  along  the  west  side  of  Pioneer  gulch  has  doubtless  been  a 
very  sharp  folding  and  final  faulting  of  the  sedimentary  strata,  it 
has  resulted,  to  the  south  of  the  head  of  Pioneer  gulch,  in  a  gradually 
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flattening  fold,  faulted  probably  still  near  the  Dixon  and  San  Ja- 
cinto claims,  but  changin^ji;  to  a  gradually  flattening  syncline  in  Tur- 
telotte  park  and  not  noticed  at  all  south  of  that  locality. 

The  sedimentary  rocks  exposed  along  the  northeast  slope  of 
West  Aspen  mountain,  at  tiie  iiead  of  Pioneer  gulch,  and  containing 
the  shafts  and  tunnels  of  the  Late  Acquisition,  Traynor,  Missouri 
Boy,  Monarch,  Galena,  Pioneer  and  other  mines,  present  the  broken 
and  tumbled  appearance,  naturally  to  be  expected  among  the  up- 
turned and  broken  ends  of  the  sedimentary  strata  of  that  portion  of 
the  mountain.  There  are  two  faults,  running  northerly,  parallel  to 
the  axis  of  the  granite  ridge  of  West  Aspen  mountain,  and  clearly 
discernible  in  the  Late  Acquisition  and  Traynor  tunnels.  Along 
these  fault-lines  the  fracture  of  the  rocks  must  have  occurred,  wJien 
the  ends  of  the  layers  of  these  Palieozoic  rocks  were  carried  u])  in  a 
direction  diagonally  to  their  strike  and  dip  by  the  ascending  mass  of 
granite.  It  is  hardly  possible  to  find  real  solid  rock  in  place  among 
any  of  these  sedimentary  rock-masses,  covering  the  granite  along  the 
upper  part  of  Pioneer  gulch  and  dipping  in  a  general  northeast 
direction  about  45°  to  50°.  Even  tunnels  driven  in  apparently 
solid  bluifs  of  limestone  reach,  behind  these  huge  limestone  masses, 
a  tumbled  mass  of  huge  pieces  of  limestone,  with  wide  and  irregular 
cracks  and  crevices  running  in  all  directions,  through  which  crevices 
a  strong  draft  can  often  be  felt,  indicating  their  connection  with  the 
outer  air. 

A  bluff  of  Lower  Carboniferous  dolomitic  limestone  impregnated 
with  galena,  containing  little  silver,  running  north  along  the  slope 
of  West  Aspen  mountain,  and  dipping  N.  75°  E.,  marks  the  west 
side  of  a  large  N.  and  S.  fault,  the  country  west  of  which  has 
been  raised  and  is  now  formed  of  Lower  Carboniferous  limestones, 
probably  resting  directly  on  the  granite,  which  dips  to  the  east  at  an 
angle  of  45°.  The  country  east  of  this  fault  to  the  bed  of  Pioneer 
gulch  is  formed  of  the  Middle  Carboniferous  Weber  shales.  At  the 
Missouri  Boy  shaft,  this  fault  must  pitch  locally  to  the  west,  as  this 
shaft  has  penetrated  through  th.e  dolomite  into  the  Weber  shales. 
Otherwise  the  dolomite  also  would  have  to  belong  to  the  Middle 
Carboniferous  formation,  which  is  not  probable,  from  its  lithographic 
character. 

Farther  to  the  west,  and  farther  up  the  mountain  slope,  another 
parallel  N.  and  S.  fault,  with  steep  dip  to  the  east,  separates  the 
Lower  Carboniferous  limestone  from  the  Silurian  dolomites  and,  in 
places,  from  the  Cambrian  quartzites.     The  Traynor  tunnel  has  cut 
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probably  all  these  faults.  (See  Fig.  5,  Section  through  West  Aspen 
Mountain.)  Commencing  in  solid  porphyry  and  running  westerly, 
this  tunnel,  at  30  feet  from  its  mouth,  strikes  the  first  fault,  where 
the  porphyry  abuts  nearly  vertically  against  the  Weber  shales, 
which  belong  here  geologically  below  the  porphyry  mass.  At  88 
feet  from  the  mouth,  the  Weber  shales  but  up  nearly  vertically 
(the  fault  here  curving  in  a  manner  making  it  impossible  to  get  the 
correct  pitch)  against  the  soft  decomposed  Lower  Carboniferous  dolo- 
mite, impregnated  throughout  its  whole  mass  with  lead-ore,  contain- 
ing little  silver.  Only  24  feet  farther,  is  encountered  another  fault, 
with  a  })orphyry  tongue  coming  up  through  it.  This  fault  dips 
here  in  an  easterly  direction  60°  from  the  horizontal.  A  winze 
sunk  along  its  pitch  to  some  depth  follows  the  ore  (dolomite  im- 
pregnated with  lead-ore)  on  the  footwall,  consisting  of  the  Lower 
Silurian  argillaceous  dolomitic  shales,  which,  50  feet  farther  in, 
change  to  the  Cambrian  quartzites  and  argillaceous  shales.  The 
fault  between  the  porphyry  and  the  shale  runs  more  X.  E".  and  S.  W., 
cutting  oflP  this  shale-body  towards  the  south,  while  the  body  of 
Weber  shales  gets  quickly  broader  towards  the  north.  The  dip  of 
the  fault  between  the  Lower  Carboniferous  on  the  east  and  the 
Silurian-Cambrian  formations  on  the  west,  is  only  locally  as  flat  as 
tiO°,  and  grows  quickly  steeper  below,  as  is  proven  by  the  100-foot 
winze  sunk  on  it.  As  the  fault  gets  steeper  the  impregnation  of 
lead-ore  in  the  dolomite  hangino^-wall  decreases. 

Fig.  5  gives  a  somewhat  ideal  section  through  this  part  of  Aspen 
mountain — correct,  however,  in  its  main  features,  as  proved  by  actual 
dev^elopment. 

West  Aspen  mountain,  west  of  the  granite  ridge,  is  made  up  of 
the  same  Palaeozoic  rocks,  in  the  same  order,  from  the  Cambrian 
quartzites  to  the  Lower  and  Middle  Carboniferous  limestone  and 
shales,  as  are  seen  on  Aspen  mountain  in  Spar  and  Vallejo  gulches. 
These  formations  form  vertical  bluiFs  at  the  top  of  West  Aspen 
mountain,  while  the  lower  part  of  its  northeastern  slope,  towards 
town,  is  covered  with  deep  debris.  The  dip  of  the  strata  to  the 
N.W^.,  at  an  angle  near  45°,  can  be  easily  discerned  from  the  town. 

From  the  same  standpoint,  numerous  faults  can  be  seen  clearly 
outlined  on  the  face  of  these  cliffs,  cutting  diagonally  through  the 
formations,  parallel  to  their  strike,  and  at  a  steeper  angle  of  dip, 
and  also  numerous  cross-faults,  cleaving  the  rocks  obliquely  or  at 
right  angles  to  their  strike. 

The  upheaval  of  the  granite  anticline  of  West  Aspen  mountain 
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does  not  appear  to  have  extended  beyond  the  valley  of  the  Roaring 
Fork.  The  red  and  white  sandstones  of  Red  inonntain  seem  to 
overlie  confornuihly  the  Lower  Carboniferons  rocks  encountered  in 
the  mines  of  Snui<;:gler  mountain,  and  dipping  regularly  northwest 
about  35°  from  the  horizontal.     This  seenis  to  confirm  the  theory 


Fio.  5. 


SECTION    ON    WEST   ASPEN    MOUNTAIN. 


that  the  valley  of  the  Roaring  Fork,  near  the  town  of  Aspen,  in- 
dicates the  course  of  a  large  cross-fault  running  N.  W.  and  S.  E. 
beyond  which  the  disturbance  caused  by  the  uplift  of  the  West 
Aspen  mountain  granite  has  not  been  felt. 

Castle  creek  itself  marks  without  doubt  the  course  of  an  immense 
fault,  which  throws  the  Archaean  and  Palaeozoic  beds  on  its  west 
side  at  least  5000  to  GOOO  feet  lower  than  on  its  east  side.  A  few 
miles  above  the  town  of  Aspen,  on  the  east  side  of  Castle  creek,  the 
Triassic  red  sandstone  can  be  seen  at  the  bottom  of  the  creek,  resting 
against  the  mountain  si<le,  while  2000  feet  above  the  level  of  the 
creek  the  palreozoic  rocks  appear  on  top  of  the  Archaean  granite. 
This  immense  fault  was  caused  evidently  by  the  uplift  of  the  Elk 
mountain  range,  after  the  Sawatch  range  had  already  tilted  the 
sedimentary  rocks  to  an  inclined  position.  The  result  was  a  reverse 
folding,  clearly  discernible  along  the  valley  of  Castle  creek,  and  a 
final  faulting  about  midway  between  the  axes  of  both  mountain- 
chains,  the  position,  mainly  occupied  by  Castle  creek. 
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The  result  of  these  two  upheavals  on  Aspen  mountain  are  two 
main  systems  of  faults,  one  running  parallel  to  the  strike  of  the 
sedimentary  rocks  from  northeast  to  southwest  and  the  other 
nearly  at  right  angles  to  it,  parallel  to  the  axis  of  the  Elk  moun- 
tains, from  southeast  to  northwest.  The  dip  of  the  northeast  faults 
is  generally  northwest,  cutting  obliquely  through  the  strata  at  a 
steeper  angle  (on  an  average  60°  from  the  horizontal),  while  the 
northwest  faults  (rather  more  north  than  west,  in  fact)  generally 
differ,  as  well  in  their  direction  as  also  in  their  inclination,  the  dip 
varying  at  different  depths  of  one  and  the  same  fault. 

It  thus  appears  that  the  geological  structure  of  Aspen  mountain 
is  not  quite  as  simple  and  regular  as  it  has  been  shown  to  be  on 
some  published  sections.      One  of  these  sections  through   Aspen 

mountain  was  published  by Mitchell,  C.E.,  in  Denver,  and  is 

on  exhibition  in  the  Clarendon,  the  main  hotel  of  Aspen.  It  has 
evidently  been  prepared  with  the  sole  purpose  of  showing  a  con- 
tinuous contact- vein  or  lode,  with  an  outcrop  on  the  Durant  claim, 
and  reaching  down  with  a  gradually  increasing  dip  to  the  innermost 
recesses  of  the  earth.  Such  publications  may  serve  their  purpose, 
but  they  do  an  immense  amount  Qf  mischief,  by  fortifying  the 
already  too  prevalent  notion  of  the  continuous  contact-vein  character 
of  these  deposits,  leading  to  useless  expenditures  of  much  money  and 
work  in  the  wrong  direction  in  prospecting,  and  keeping  people 
from  prospecting  and  developing  their  claims  in  the  right  way. 

I  shall  now  proceed  to  a  description  of  the  main  features  of  those 
mines  on  Aspen  mountain  with  which  I  have  become  familiar.  • 

IV.  Principal  Mines. 

The  Spar  3Iine. — Entering  the  Spar  mine  through  the  old  dis- 
covery-cut and  tunnel  (No.  40  on  general  map  of  the  mine-work- 
ings. Fig.  3),  we  observe  at  the  mouth  of  the  open  cut  leading  to 
the  tunnel  a  highly-fissured  limestone,  through  the  fissures  and 
through  the  general  wall  of  which  run  in  all  directions  numerous 
smaller  seams,  veins,  veinlets  and  impregnations  of  baryta,  chiefly, 
however,  following  the  bedding  planes  and  the  wide  fissures  and 
cracks  which  run  parallel  to  the  Spar  fault,  as  shown  along  its  dip 
in  cross-section  (Fig.  6)  and  also  in  the  section  through  the  Spar 
mine  (Fig.  8).  The  ore,  which  is  here  a  baryta  ore,  is  found  in  the 
limestone,  on  both  sides  of  a  wide  crevice,  filled  with  decomposed 
and  crushed  material,  resulting  from  downthrow  of  the  west  side  of 
the  Spar  fault  for  about  TOO  feet,  slope-measurement.     This  crushed 
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decomposed  material,  tilling  the  fault-crevice,  carries  some  lead-ore. 
The  fault  here,  at  the  entrance  to  the  Spar  mine,  is  between  dolomite 
limestone  on  the  east  as  its  loot-wall,  and  "blue"  limestone  on  the 
west  side  as  its  hanging-wall.  Both  walls  are  impregnated  with 
ore  at  tliis  ])lace.  About  20  feet  from  the  tunnel-mouth  a  winze 
has  been  sunk  on  the  fault  following  the  ore.  Beyond  this  winze,  to 
the  southwest,  all  the  rich  ore  has  been  stoped  out  above  this  level, 
leaving,  however,  plenty  of  lower-grade  ore  exposed.  The  winze 
followed  down  a  rich  ore-streak,  and  large  quantities  of  high-grade 
ore  were  taken  in  the  early  times  out  of  the  levels  run  from  this 
winze  and  from  the  stopes  between  those  levels.  (See  plan  of  the 
mine,  Fig.  7.)  As  the  workings  got  deeper  and  the  hoisting  of  the 
ore  and  waste  through  the  winze  and  tunnel  more  difficult,  a  cross- 
cut incline  was  run  in  from  the  west  side  of  Spar  ridge  through  the 
blue  limestone  to  what  was  then  called  the  Spar  vein. 

The  winze  just  mentioned,  follows  the  fault  down  to  a  depth, 
where  both  sides  are  dolomite.  This  was  rather  a  contradiction  of 
the  theorv  first  held  as  to  the  character  of  the  Spar  vein  as  a  "con- 
tact fissure-vein"  between  dolomite  (supposed  to  be  Silurian)  and 
"blue"  limestone  (Lower  Carboniferous).  Still  the  theory  was 
maintained,  and  the  flict  explained  as  a  local  branching  off  into  the 
foot-wall.  After  the  completion  of  the  incline,  however,  the  dis- 
covery and  exploitation  of  the  large  and  extremely  rich  ore-deposit 
called  the  Bridal  Chamber,  still  farther  away  from  the  contact  of 
the  blue  and  brown  limestones,  ought  to  have  led  to  a  more  correct 
vie\t.  But  this  seems  not  to  have  been  the  case.  The  theory  of  a 
contact  ore-deposit,  of  a  contact- vein  between  blue  and  brown  lime- 
stone, remained  the  prevailing  one. 

The  Spar  fault-crevice  has  evidently  served  as  the  channel  for  the 
metallic  solutions  which  formed  the  ore-bodies  of  the  Spar  mine. 
The  ore  as  deposited  follows  evidently  old  water-courses  in  the  lime- 
stone; the  mineralizing  solutions,  ascending  or  descending  in  the 
Spar  fault-fissure,  attacked  the  more  easily  decomposing  portions  of 
the  walls  to  a  greater  degree  than  other  parts,  and  thence  ate  their 
way  into  the  mass  of  the  limestone,  forming  ore-chutes  and  chambers. 
Such  a  formation  would  naturally  result  in  most  instances  in  an  ore- 
body  without  defined  boundaries  of  the  country  rock.  While  the  ore 
might  take  the  place  of  an  easily  decomposing  layer  of  the  limestone 
in  preference  to  other  layers,  the  mineralizing  solutions  could  hardly 
fail  to  attack  and  partly  mineralize  the  adjoining  layers  of  country- 
rock,  as  also  the  rocks  adjoining  their  old  channel. 
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In  the  S})ar  mine,  as  far  as  opened,  there  is  certainly  no  defined 
boundary  anywhere  between  ore  and  country-rock.  The  one  merges 
gradually  into  the  other.  The  rich  ore,  with  comparatively  little 
lime  in  it,  changes  gradually  to  a  lower  grade  ore,  i.e.  to  a  limestone 
less  impregnated  with  lead-  and  silver-ore,  and  finally  to  a  barren 
limestone.  The  latter  change,  however,  has  been  exposed  in  this 
mine  in  few  places,  and  then  by  accident;  since  only  the  pay -ore,  or 
material  out  of  which  pay-ore  could  be  got  by  hand-sorting,  has 
been  mined,  while  the  j)oorer  ore  has  been  left  behind  in  the  mine, 
or  thrown  on  tiie  waste  dump.  The  latter  is  now  shipped  to  Lead- 
ville,  as  smelting-ore,  only  the  large  pieces  of  very  low-grade  lime- 
stone and  heavy  spar  being  thrown  out.  The  floor,  roof  and  sides 
of  most  openings  in  this  mine  show  low-grade  limestone  and  spar 
ore. 

The  richest  ore-body  in  this  mine  was  found  in  the  dolomite. 
Here  a  coating  of  malachite  covered  and  cemented  the  decomposed 

Fig.  7. 


dolomite  pieces.  This  malachite  was  evidently  the  result  of  the  de- 
composition of  an  original  double  sulphuret  of  copper  and  silver. 
This  copper-stain  on  the  brown  limestone  is  therefore  justly  regarded 
by  Asj)en  miners  as  a  sure  indication  of  the  richness  in  silver  of  the 
limestone  it  covers.  It  is  one  of  the  few  indications  in  this  region, 
by  which  to  distinguish  ore  from  barren  rock.  But  it  is  only 
present  when  the  ore  is  unusually  rich,  and  then  not  always.     Be- 
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sides,  there  is  another  "copper-stain,"  resulting  from  the  decompo- 
sition of  copper-pyrites,  which  frequently  disappoints  the  prospector, 
only  a  few  ounces,  or  probably  only  a  trace  of  silver  being  found  by 
assay,  when  hundreds  of  ounces  to  the  ton  had  been  expected.  This 
latter  copper-stain  is  encountered  quite  often  in  baryta,  and  is  one 
of  the  many  reasons  for  the  assumption  that  the  formation  of  baryta 
in  the  limestone  occurred  at  a  different  time  and  independent  of  the 
main  argentic  mineralization.  Such  copper-stain,  of  no  value,  is 
faind,  for  instance,  in  a  baryta  seam,  following  bedding-  and  joint- 
pUnes  in  the  dolomite,  and  coming  to  the  surface  on  the  upper  side 
of  the  Bonnybel  road.  I  have  marked  its  location  on  the  map  of 
the  Spar  mine.  This  spar,  although  decidedly  copper-stained,  as- 
sayed, even  in  picked  specimens,  only  4  ounces  silver  per  ton. 

The  Spar  fault  has  been  followed  along  its  outcro})  by  several  open 
cuts,  small  tunnels  and  inclines.  Its  contents  of  crushed  material, 
which  can  be  very  plainly  seen  in  these  cuts,  probably  gave  rise  to 
the  theory  of  a  zone  of  crushed  dolomite, — "like  as  if  it  had  passed 
through  a  Blake  Crusher,"  as  one  of  the  witnesses  for  the  "apex" 
side  in  the  Durant-Emma  trial  put  it — which  formed  the  gangue  of 
the  alleged  contact-vein,  and  which  was  said  to  have  resulted  from 
the  sliding  movement  of  the  Carboniferous  blue  limestone  on  the  Si- 
lurian dolomite.  In  this  we  have  an  instance  of  a  wrong  applica- 
tion of  a  correctly  observed  fact.  The  crushed  material  is  present, 
and  the  sliding  movement  is  present — along  the  fault.  Only  the 
sliding  movement  did  not  occur  on  a  division  between  geological 
formations,  not  even  along  the  contact  between  brown  and  blue  lime- 
stone. On  the  contrarv,  the  movement  occurred  along  the  fault- 
fissure  running  nearly  parallel  with  the  strike  of  the  strata,  but  cut- 
ting obliquely  across  the  strata  in  the  line  of  their  dip,  and  thus, 
after  the  movement  had  taken  place,  bringing  parts  of  the  blue  and 
brown  limestone  into  contact,  which  before  the  movement  had  been 
away  from  the  contact  in  the  solid  blue  and  brown  limestone. 

The  dip  of  the  dolomite  strata  can  be  measured  very  easily  in 
Spar  cut  No.  4,  directly  south  of  the  Spar  discovery  cut.  (See  Fig. 
7.)  As  taken  by  the  writer,  it  is  N.W.  35°  from  the  horizontal, 
while  the  dip  of  the  Spar  fault,  as  shown  in  the  Spar  mine  openings, 
in  the  Spar  discovery  cut,  and  especially  in  Spar  cut  No.  7,  is  also 
N.W.  but,  on  an  average,  60°  from  the  horizontal.     (See  Fig.  6.) 

The  claim  of  a  contact- vein  in  the  Spar  mine,  with  a  hanging- 
wall  of  blue  limestone  and  a  foot-wall  of  dolomite,  is  clearly  not  in 
accordance  with  the  facts.     If  there  be  any  fissure- vein,  it  can  only 
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be  the  Spar  fiiiilt-fissure.  But  the  ore  occurs  mainly  in  the  walls 
of  this  fissure,  especially  in  the  lout-wall,  while  the  contents  of  the 
fissure  itself  are  the  least  valuable  })arts  of  the  ore-bodies.  Whether 
other  ore-bodies  will  be  found  at  greater  depth  along  the  course 
of  this  fault  is  somewhat  doubtful,  as  the  lower  layers  of  the  dolo- 
mite are  less  easily  decomposed  than  those  in  which  we  find  the  ore- 
bodies.  It  would,  however,  be  well  worth  a  trial,  to  see  whether 
other  ore-bodies  exist  along  this  fault  at  greater  depth  in  the  dol'> 
mite,  taking  the  direction  of  the  old  ore-bodies,  as  shown  by  tne 

Fig.  8. 


general  direction  of  the  stopes,  as  a  guide  in  prospecting  at  greater 
depths. 

The  Washington  Mine.  (See  Figs.  3  and  6.) — By  following  down 
the  Spar  inclined  tramway  the  Washington  mine  is  entered.  Both 
mines  now  belong  to  the  Aspen  Mining  and  Smelting  Company.  A 
belt  of  limestone,  either  barren  or  only  very  moderately  imjiregnated 
with  silver-ore,  intervenes  between  the  Spar  and  Washington  ore- 
bodies.  The  Washington  mine  was  opened  and  worked,  after  the 
Spar  mine  had  been  partly  opened,  and  after  the  theory  of  a  contact- 
vein  had  taken  firm  root  in  the  minds  of  Aspen  miners.  Nearly  all 
development  and  work  done  in  this  mine  has  been,  therefore,  done 
along  the  contact  (both  the  original  and  the  fault-contact)  of  the  over- 
lying blue  limestone  and  the  underlying  brown  limestone.  Any  de- 
parture from  this  manner  of  exploring  and  working  the  mine  which 
may  have  occurred  was  evidently  forced  on  the  management  by  the 
unmistakable  trend  of  the  ore-bodies,  and  was  done  reluctantly.  A 
glance  at  the  general  map  will  show  the  large  area  in  this  mine  oc- 
cupied by  stopes  out  of  which  rich  ore  has  been  taken.     Some  of 
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these  stopes  are  12  to  18  feet  high,  and  contained  practically  nothing 
but  ore,  i.e.,  decomposed  dolomitic  limestone  sufficiently  impreg- 
nated with  lead-  and  silver-ore,  to  impart  to  it  value  enough  to  pay 
the  cost  of  raining,  shipping  and  treatment,  and  have  some  profit 
besides.  And  all  the  contents  of  these  stopes  have  been  such  im- 
pregnated decomposed  limestone,  for  that  part  which  was  not  rich 
enough  to  pay  in  olden  times  has  been  shipped,  or  is  now  being 
shipped,  from  the  huge  waste-dump  in  front  of  the  Spar  incline, 
through  which  opening  most  of  the  hoisting  from  the  Washington 
mine  was  done.  There  is  plenty  of  low-grade  ore  left  in  the  sides 
and  the  roof  of  these  stopes ;  and,  as  I  have  been  informed  by  men 
who  were  familiar  with  these  mines  while  they  were  worked,  much 
rich  ore  was  left  in  the  floor  going  down,  and  is  now  covered  up  by 
the  waste.  There  is  certainly  a  rich  ore-body  going  down  into  the 
dolomite,  near  Washington  No.  2  shaft  (No.  37  on  the  general  plan, 
Fig.  3) ;  and  I  have  no  doubt  that,  in  the  close  adherence  of  the 
management  of  the  mine  to  the  notion  of  a  contact-vein,  many 
opportunities  were  overlooked  or  disregarded,  which  an  unbiased 
judgment  might  have  followed  down  into  the  dolomite  to  other  ore- 
bodies  at  a  greater  depth  away  from  the  contact. 

In  some  parts  of  this  mine,  notably  in  the  drifts  and  stopes  run- 
ning off  from  the  Spar  inclined  tramway,  a  considerable  amount  of 
black  carbonaceous  shale  occurs  in  the  roof  of  the  ore-bodies.  This 
is  either  Weber  shale,  or  it  is  the  product  of  a  decomposition  of  the 
crushing  and  grinding  action  of  the  movement  of  the  limestone 
rocks  on  each  other.  In  either  case  it  would  indicate  a  fault;  and 
I  have  no  doubt  that  such  it  is,  and  that  this  Washington  ore-body, 
like  the  one  in  the  Spar  mine,  has  been  formed  in  the  neighborhood 
and  along  tliis  fault-fissure,  and  that  the  original  filling  of  this 
fault-fissure  (in  this  instance  the  black  clay  shale)  forms  now  the 
roof  of  this  ore-body.  In  that  case,  however,  there  is  a  possibility 
of  finding  another  ore-body  on  the  upper  side  of  this  black  shale. 
That  this  black  shale  is  not  the  bottom  of  the  regular  Weber  shale 
formation  is  evident  from  the  fact  that  an  upraise  on  the  north  side 
of  the  Spar  inclined  tramway  passes  through  this  black  shale,  which 
here  is  only  about  18  inches  thick,  to  the  "  blue"  limestone  (although 
in  a  somewhat  decomposed  condition)  above  it.  This  decomposed 
condition  of  the  "blue"  limestone  above  the  shales  augurs  well  for 
the  existence  of  another  ore-body.  At  this  upraise  the  dolomite 
below  the  shales  is  not  very  richly  impregnated  with  ore,  and  the 
decomposed  "blue"  limestone  above  assays  a  few  ounces  of  silver 
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to  the  ton.  This  fiiult  is  probably  the  same  as  the  one  in  the  Spar 
mine,  with  only  a  locally  flatter  dip  where  the  Washington  ore  body 
was  deposited. 

In  the  stope  of  the  Washington  mine,  east  of  the  Washington 
inclined  tramway,  leading  down  to  Washington  No.  2  shaft  (No.  37 
in  Fig.  3),  and  running  near  the  boundary-line  of  the  Emma  and 
Washington  claims,  is  a  clearly  distinguishable  fault,  running  a  little 
east  of  north  and  west  of  south,  with  a  nearly  vertical  position  in 
some  places,  but  varying  very  much  in  its  dip  at  other  points,  and 
splitting  up  in  places  into  several  parallel  fissures.  It  runs  through- 
out the  length  of  the  stope,  and  it  was  only  in  its  neighborhood  on 
both  sides  that  the  rich  ore  was  deposited  which  has  been  taken  out  of 
this  mine.  Where  this  fault  crosses  the  Spar  fault,  i.e.,  at  the  junc- 
tion of  the  stope  south  pf  the  Spar  incline,  and  the  stope  east  of  the 
Washington  tramway,  an  enormous  body  of  rich  ore  was  found, 
which  made  the  AVashington  stope  famous  among  Aspen  miners. 

Different  drifts  run  east  and  west  from  the  Washington  tramway, 
following  the  contact  as  best  they  can — in  most  cases  a  difficult  thing 
to  do  for  any  distance.  As  they  get  farther  away  from  the  north 
and  south  fault,  the  impregnation  of  the  limestone  with  silver-ore 
decreases,  until  these  drifts  have  reached  the  point  where  not  enough 
silver  is  left  in  the  rock  to  pay  for  extracting  it. 

Several  winzes  have  been  sunk  into  the  brown  limestone  along 
this  fault,  and  some  rich  ore  has  been  taken  from  them.  But  the 
rock  gets  poorer  at  greater  depth  in  the  dolomite,  as  well  as  at 
greater  height  in  the  blue  limestone.  The  ore  has  evidently  been 
deposited  along  this  fault-fissure,  i.e.  impregnating  the  limestone  on 
both  sides  from  the  fissure.  The  impregnation  and  conversion  of 
the  limestone  into  ore  are  most  decided  next  to  the  fissure,  and 
the  ore  gradually  changes  into  barren  limestone,  as  the  distance 
from  the  fault  increases.  But  it  is  observable  also,  that  this  con- 
version of  the  limestone,  next  to  the  fault-fissure,  is  greatest  at  those 
places  where  pure  limestone  and  dolomite  have  been  brought  to- 
gether. The  contact  of  rocks  of  different  composition  seems  to  be 
specially  favorable,  along  such  fault-fissures,  to  the  conversion  of 
both  rocks  into  one. 

The  occurrence  of  fine  slickensides  in  the  ore-body  has  been  cited 
as  proof,  that  this  fault  occurred  after  the  fi)rmation  of  the  ore.  But 
it  only  proves  that  subsequent  movements  of  the  rocks  occurred 
along  this  fault,  after  the  ore  had  been  formed.  There  is  not  the 
least  doubt  that  movements  of  the  rocks  still  occur  on  Aspen  moun- 
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tain.  There  is  a  large  decomposition  of  the  rocks  going  on  inside 
the  mountain  all  the  time.  Blue  limestone  is  converted  into  dolo- 
mite, and  dolomite  into  clay  and  fragments  of  decomposed  rotten 
dolomite.  The  result  of  this  decomposition  is  a  shrinkage  and 
settling  of  the  rocks.  That  the  movements  of  the  rocks  rather  occur 
along  open  old  fissures,  instead  of  forming  new  ones,  is  also  beyond 
doubt.  I  think  that  the  fact  of  the  concentration  of  the  ore  along 
the  line  of  this  fault  is  rather  in  favor  of  the  priority  of  the  fault  to 
the  deposition  of  at  least  the  richer  part  of  the  ore,  namely,  the  silver. 

In  the  attempt  to  make  connection  between  the  ore-bodies  of  the 
Washington  mine  occurring  near  the  "  contact,"  and  the  "contact" 
itself  in  the  Durant  incline,  another  clearly-defined  break  in  the 
formation  was  encountered,  running  in  its  course  parallel  with  the 
strike  of  tiie  strata,  while  cutting  obliquely  across  them  along  their 
pitch.  This  last  fault  can  be  also  observed  in  a  beautifully  smooth 
face  of  hard  "blue"  limestone,  in  the  roof  of  the  Durant  incline 
(No.  26,  Fig.  3)  where  it  can  clearly  be  seen  that  this  fault  does  not 
follow  the  contact  of  the  blue  and  brown  limestone,  but  runs  up  into 
the  blue  limestone  at  an  acute  angle  to  the  inclination  of  the  strata. 

The  Vallejo  Mine. — This  mine  is  on  ground  in  dispute  between  the 
Emma  and  Vallejo  claims,  both,  however,  now  owned  or  controlled 
by  the  Aspen  Mining  and  Smelting  Company.  The  Vallejo  shaft 
(No.  36,  Fig.  3),  although  located  in  the  bed  of  the  Vallejo  gulch, 
was  only  90  feet  deep  when  it  reached  the  ore-body.  The  roof  of  the 
ore-bodies,  which  have  been  worked  out  in  many  places  in  this  mine, 
is  a  mixture  of  decomposed  porphyry  and  decomposed  black  Weber 
shales.  The  limestone  in  these  mine-openings  has  been  changed 
in  many  places,  especially  north  and  west  of  the  shaft,  into  an 
almost  pure  quartz  rock,  which  again  was  found  richly  impregnated 
with  lead-ores  or  oxidized  copper-ores,  and  contained  much  silver. 
A  stope  about  30  feet  high  (and  more  at  some  points)  has  been  ex- 
cavated mainly  in  this  quartz-rock,  and  much  good  ore  is  still  seen 
in  its  sides,  roof  and  bottom.  The  change  of  the  limestone  into 
quartz-rock  was  found  to  continue  in  depth,  as  it  was  followed 
downward  in  the  steep  northwest  incline  to  the  lowest  point  reached 
by  any  of  the  mines  in  this  part  of  the  mountain,  on  the  east  side 
of  the  large  Connamara  fault.  From  the  bottom  of  this  incline 
a  cross-cut  extends  northwest  40  feet,  in  the  same  quartz-rock.  The 
same  quartz-rock  is  found  at  the  end  of  the  southwest  incline.  From 
the  large  stope  north  of  the  shaft,  the  Golconda  drift  passes  through 
blue  limestone,  impregnated  with  good  ore  all  the  way.     T^he  drift 
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connects  these  workings  aiul  the  Emma  mine  witli  the  Golconda 
shaft,  which,  in  connection  with  tlie  400  feet  inclined  npraise  to  it 
from  tlie  Veteran  tunnel,  is  used,  as  already  remarked,  for  getting  the 
ore  from  these  mines  down  to  tlie  level  and  mouth  of  the  Veteran 
tunnel  and  thence  to  the  railroad  track.  Before  reaching  the  Gol- 
conda shaft,  the  Golconda  drift  cuts  the  Weber  shales. 

I  am  not  sufficiently  acquainted  with  the  formations  exposed  in 
the  Golconda  shaft  and  in  the  ui)raise  from  the  Veteran  tunnel  to 
decide,  whether  the  shales  cut  in  the  Golconda  drift  are  in  their 
regular  geological  position  overlying  the  blue  limestone,  or  whether, 
in  passing  from  the  blue  limestone  into  the  shales,  the  Golconda 
drift  crosses  the  Connamara  fault,  or  only  a  smaller  fault  parallel  to 
the  main  fault.  The  whole  of  the  thickness  of  the  blue  limestone 
cut  by  the  Golconda  drift,  to  its  contact  with  the  Weber  shales,  is 
impregnated  with  good  lead-  and  silver-ore.  Solid  galena  is  also 
found  in  the  shales  and  even  in  the  tongues  of  porphyry  which  cut 
through  the  shales  in  this  part  of  the  mountain.  Good  ore  is  now 
mined  along  the  contact  of  the  Weber  shales  and  the  Lower  Car- 
boniferous limestone,  near  the  Golconda  shaft.  The  lower  portion  of 
the  upraise  from  the  Veteran  tunnel  followed  an  inclined  zone  of 
sandy,  decomposed  quartz-rock,  with  bunches  and  pockets  of  ore 
running  through  it.  Whether  this  zone  represents  the  filling  of  the 
large  Connamara  fault,  or  is  only  the  silicified,  decomposed  rock  at 
the  side  of  the  real  fjiult,  I  cannot  decide,  having  only  once,  and 
then  hurriedly,  examined  the  workings  of  the  Veteran  tunnel.  This 
tunnel,  near  its  breast,  certainly  cuts  a  big  fiiult,  and  some  of  the 
drifts  and  inclines  from  the  tunnel  follow  the  line  of  fault.  Rich 
ore  has  been  struck  next  to  a  tongue  of  porphyry,  and  underlying 
the  Weber  shales,  in  an  incline  following  down  the  fault  from  one 
of  the  drifts  in  the  level  of  the  tunnel. 

The  nature  of  the  roof  in  a  large  part  of  the  Vallejo  mine,  con- 
sisting of  a  mixture  of  porphyry  and  shales,  changing  at  a  lower 
depth  to  a  roof  of  blue  limestone,  which,  however,  is  very  frequently 
also  impregnated  with  ore,  as  is  also  the  shale-porphyry  mixture  in 
places;  the  highly  silicified  condition  of  much  of  the  Lower  Car- 
boniferous rocks  in  this  mine;  and  the  insignificant  thickness  of  the 
blue  limestone  cut  through  in  the  Golconda  drift  (not  more  than  60 
feet,  even  including  some  of  the  quartz-rock  overlying  the  dolomite, 
found  in  places  in  the  bottom  of  the  big  stope — horizontal  measure 
in  the  line  of  the  pitch  of  the  strata) — make  it  certain  that  one 
fault,  and  probably  several  parallel  faults,  cross  the  ore-bodies  of  the 
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Vallejo  mine  and  the  Golconda  drift.  The  rocks  in  this  mine  and 
in  the  neighboring  workings  of  the  Emma  mine  are  so  thoroughly 
decomposed  (frequently  to  a  crumbling,  sandy  material,  more  or  less 
impregnated  with  ore),  that  it  is  often  impossible  to  say,  whether  a 
rock  was  bhie  limestone  or  dolomite,  before  it  was  thus  changed. 
The  alteration  of  the  limestone  to  quartz-rock,  I  have  had  occasion 
to  witness  in  many  different  places  in  the  mines  on  Aspen  moun- 
tain. It  occurs  in  the  neighborhood  of  the  large  Connamara  fault ; 
in  the  workings  of  the  Veteran  tunnel,  notably  in  tlie  lower  part  of 
the  uprise  to  the  Golconda  shaft  (the  upper  part  being  unknown  to 
me);  in  the  Yallejo  big  stope  and  northwest  incline;  in  the  lower 
part  of  the  Visino  incline — always  in  places  which,  from  their  posi- 
tion, must  of  necessity  be  close  to  this  fault  (though  it  may  not  have 
been  reached  yet  by  the  workings)  in  the  neighborhood  of  the  large 
downthrow  of  the  Lower  Carboniferous  formation  on  the  west,  as 
shown  to  exist  by  the  openings  of  the  Connamara  mine. 

On  the  other  hand,  at  some  places  in  these  mines,  the  porphvry 
also  appears  altered  to  a  honeycombed  or  sandy  quartz ;  so  that  it 
may  be  doubtful  in  some  cases  whether  we  have  to  deal,  in  such 
quartz-rock,  with  an  original  limestone  or  an  original  porphyry. 
Especially  is  this  true,  where  we  find  such  sandy  quartz-rock  im- 
pregnated with  much  ore,  at  the  contact  of  porphyry  and  limestone, 
both  occurring  in  less  decomposed  condition  on  the  respective  sides 
of  this  sandy  zone. 

The  Emma  Mine. — The  Emma  shaft  (Xo.  35,  Fig.  3)  is  located  on 
the  northwest  slope  of  the  Spar  ridge.  At  100  to  110  feet,  it  pene- 
trated the  "  blue"  limestone,  and  struck  the  upper  edge  of  that  large 
and  rich  ore-body,  in  which  the  big  stopes  of  this  mine  and  of  the 
Aspen  mine  have  been  excavated.  The  extent  and  richness  of  this 
body,  more  than  anything  else,  started  the  Aspen  "boom  "  and  gave 
rise  to  the  "apex-side-line"  litigation,  only  lately  compromised.  It 
was  for  the  possession  of  this  ore-body,  or  of  its  richest  part  in  the 
Aspen  ground,  that  the  Durant  party  commenced  the  Durant  and 
Visino  inclines  in  support  of  their  theory  of  a  continuous  contact- 
vein  between  blue  limestone  as  a  hanging-wall  and  brown  lime- 
stone as  a  foot-wall. 

In  the  Emma  mine  this  ore-body  is  mainly  in  the  dolomite  un- 
derlying the  blue  limestone.  The  eastern  boun<lary  of  the  body 
follows  the  line  of  a  fault,  exposed  in  the  No.  6  drift  and  upraise  of 
the  Emma  mine,  which  connects  with  the  Durant  incline.  Near 
the  Aspen  line  a  cross-cut,  112  feet  long,  has  been  driven  into  the 
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tloloinitc.  Where  the  fault  exposed  in  Emma  No.  6  drift,  at  the 
east  end  of  the  ore-body,  crosses  this  dolomite  cross-cut,  55  feet 
from  the  mouth  of  the  cut  and  about  62  feet  horizontally  from  the 
"  contact,"  about  18  inches  of  good  ore  was  encountered,  following 
this  fault-fissure  in  its  strike  and  dip.  Other  streaks  and  seams  of 
good  ore  have  been  found  along  this  drift  in  the  dolomite,  and  the 
face  of  the  drift  112  feet  from  its  mouth,  shows  mineralized  dolo- 
mite, assaying  as  high  as  70  and  100  ounces  of  silver  per  ton.  I 
cite  these  ore-seams,  following  the  fault-fissures  and  their  parallel 
seams  and  breaks  in  the  dolomite,  as  a  confirmation  of  the  proposi- 
tion, that  the  ore-depositing  solutions  followed  these  fault-fissures, 
attacking  the  limestone  and  depositing  their  metallic  contents,  where- 
ever  the  limestone  was  most  easily  decomposed,  and  at  the  same  time 
impregnated  the  sides  of  the  fissures  with  ore  to  a  larger  or  smaller  de- 
gree. We  find  in  the  Emma  mine,  as  in  all  others  in  this  part  of 
Aspen  mountain,  that  there  are  no  definable  boundaries  to  the  ore- 
bodies,  separating  them  from  the  barren  country-rock.  The  impreg- 
nation and  replacement  of  the  limestone  with  ore  proceeded  evi- 
dently from  some  point,  line  or  plane,  which,  in  the  mines  reviewed 
so  far,  we  have  seen  to  be  mostly  a  fault-plane  or  fissure,  and  ex- 
tended from  this  center,  in  an  irregular  manner,  into  the  adjoining 
limestone,  leaving  harder,  less  easily  changed  portions  of  the  lime- 
stone as  *'  boulders  "  and  "  horses  "  of  barren  limestone  or  low-grade 
ore,  surrounded  by  richer  ore,  while  on  the  other  hand  good  ore  in 
irregular  seams,  chimneys,  and  pockets  extended  even  into  those 
portions  of  the  limestone  mass  more  removed  from  the  centre  of  im- 
pregnation. That  this  impregnation  and  partial  replacement  took 
place,  in  this  part  of  the  mountain,  mostly  in  the  vicinity  of  the 
dividing  line  between  the  main  bodies  of  Lower  Carboniferous 
dolomite  and  blue  limestone,  is  beyond  dispute. 

Much  good  ore  has  been  left  in  this  mine,  in  both  roof  and  floor 
of  the  large  stope.  The  mine  was  formerly  much  worked  under 
leases,  with  the  usual  ruinous  consequences.  The  lessees  had,  of 
course,  no  interest  whatever  in  a  continuance  of  the  mine  as  a  steady 
producer,  and  did  not  care  to  follow  smaller  seams,  even  of  rich  ore, 
as  long  as  they  could  work  in  the  main  body.  This  old  stope  is,  in 
parts,  18  and  20  feet  high.  Good  ore  can  be  seen  almost  anywhere 
in  it,  going  up  into  the  blue  limestone  roof  (which  shows  very  clearly 
tlie  fissures,  through  which  the  ore-bearing  solutions  passed),  and  in 
the  floor  which,  in  a  portion  of  this  stope,  is  a  layer  of  cherty  dolo- 
mite, the  old  "footwall  "  but  only  six  to  eight  inches  thick,  with  very 
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rich  ore  underneath  it.  The  lower  levels  of  the  old  Emma  mine 
were  carried  down  the  northwest  of  the  big  stope  on  what  was  evi- 
dently the  continuation  of  this  so-called  foot-wall  of  dolomite  Good 
lead-ore  was  found  here,  and  partly  stoped  out,  mostly  in  the  sandy 
decomposed  blue  lime.  The  lead-ore,  in  one  jiart  of  the  mine,  in 
the  old  No.  li  drift  of  the  Emma,  occurred  in  two  layers  of  nearly 
solid  ore,  separated  by  six  to  eight  feet  of  barren,  less  decomposed 
blue  limestone.  But  most  of  this  ore,  in  this  part  of  the  mine,  was 
of  too  low  grade  in  silver  to  pay  at  that  time.  When  the  owners 
of  the  Aspen  mine,  during  the  winter  of  1887-8,  followed  their  blue 
limestone  ore  in  the  adjoining  part  of  the  Aspen  mine,  with  a  stope, 
keeping  on  top  of  the  dolomite,  they  ran  this  sfope  under  what  was 
considered  a  part  of  the  Emma  dolomite  foot-wall,  showing  that,  in 
that  portion  of  the  mountain  at  least,  the  contact  between  blue  and 
brown  lime  was  not  continuous,  but  that  another  fault,  nearly  parallel 
to  the  strike  of  the  strata,  passed  through  there.  And  it  is  between 
these  two  fault-fissures,  the  one  passing  through  Emma  No,  6  drift, 
the  other  passing  through  the  Aspen  shaft  (No.  33,  Fig.  3);  about 
210  feet  from  the  surface,  and  followed  down  by  the  Aspen  incline, 
that  the  main  ore-body,  hitherto  worked  in  the  Emma  mine,  is 
located.  It  is,  however,  certain  that  other  ore-bodies  exist  northeast 
of  the  Aspen  fault,  and  between  it  and  the  Connamara  fault.  In 
the  Emma  mine  the  two  ore-bodies  connect,  or  nearly  connect  alono- 
the  line  of  the  Aspen  fault.  The  character  of  the  ore,  however, 
changes;  and  the  ore  which  is  now  mined  by  the  owners  of  the 
Aspen  mine  in  that  part  of  the  mine  west  of  the  Aspen  fault  is 
very  different  from  that  taken  from  the  big  stoj)e  east  of  that  fault. 
Much  of  the  ore  west  of  the  fault  is  found  in  the  blue  limestone, 
and  is  heavy  lead-ore,  while  most  of  the  ore  taken  from  tlie  big 
stope  east  of  the  fault  was  copper-stained,  brown  limestone,  carrying 
only  a  moderate  amount  of  lead. 

The  Asjjen  Mine. — This  mine  is  the  best  known,  because  the  rich- 
est of  all  the  mines  in  the  mountain.  The  large  quantities  of  enor- 
mously rich  ore,  exposed  in  the  drifts  of  some  parts  of  the  mine,  were, 
without  doubt,  the  incentive  to  the  protracted  "apex-side-line  "  litio-a- 
tion.  The  Aspen  shaft  (No.  33,  Fig.  3)  in  the  bottom  of  Vallejo  gulch, 
passes  first  through  twenty  feet  of  debris  and  loose  porphvry,  and 
enters  the  Weber  shales,  which  it  leaves  at  a  depth  of  sixty  feet. 
Thence  it  passes  through  150  feet  of  hard  blue  limestone  (Lower 
Carboniferous).  A  few  feet  above  the  bottom  of  the  blue  limestone  it 
passes  through  a  fissure  which  carries  ore  assaying  about  80  oz.  silver 
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per  Ion.  This  is  the  fault  which  I  have  mentioned  in  the  review  of  the 
Ennna  mine, as  pitssing  through  its  lower  workings.  I  have  called  it 
the  Aspen  fault,  because  all  the  lower  workings  of  the  Aspen  mine 
are  located  either  alongside  or  west  of  it.  It  has,  in  this  part  of  the 
mountain,  a  course  about  N.  30°  E.,  and  dips  N.  60°  W.  60°  from  the 
horizontal.  It  cuts  throuirh  the  blue  lime  (which  here  dips  about 
N.  30°  W.  at  an  angle  between  35°  and  40°  on  the  east  side  of  the 
fault,  and  of  about  40°  to  45°  on  the  west  side),  until  it  reaches 
the  first  level  of  the  Aspen  mine  and  the  western  end  of  the  old  Aspen 
stope,  which  is  only  an  extension  of  the  old  Emma  stope.  What 
has  been  said  of  the  Emma  stope  is  also  applicable  to  this.  Most  of 
it  was  made  when  the  mine  was  worked  under  lease.  The  upper  or 
southeast  end  of  this  sto{)e  is  connected  with  the  end  of  the  Durant 
incline  by  the  so-called  compromise  drift  or  incline,  an  old  inclined 
drift  following  the  compromise  boundary  line  between  the  Emma 
and  As})en  claims,  which  overlapped  each  other.  East  of  this  com- 
promise drift,  the  ore-body  extends  in  the  form  of  different  layers  of 
more  impregnated  limestone,  separated  by  more  barren  layers  of  the 
same  rock,  to  the  west  side  of  the  fault  passing  through  Emma  No. 
6  drift.  This  fault  crosses  the  Durant  incline  a  little  below  the 
lonjr  southwest  drift,  which  runs  from  that  incline  across  Emma  and 
Aspen  ground  to  the  Connamara  line  {a  a,  Eig.  3).  This  drift 
follows  this  fault  for  a  considerable  distance,  until  the  latter  splits 
up,  in  the  neighborhood  of  a  N.W.  and  S.E.  fault,  crossing  the  drift, 
into  several  smaller  fissures.  This  cross-fault  is  probably  an  ex- 
tension of  the  Bonnybel  fault,  mentioned  in  the  description  of  the 
surface-geology  of  Spar  gulch.  At  the  foot  of  the  Durant  incline, 
an  opening  has  been  made,  thirty  to  forty  feet  high,  following  a 
steep,  ofe-bearing  fissure,  which  seems  to  have  been  the  main  channel 
for  the  ore-bearing  solutions  forming  the  rich  Aspen  ore-body.  The 
continuation  of  this  fissure  would  carry  us  to  the  surface  about  at  the 
point  where  the  Hutchinson  incline  (No.  23,  Fig.  3)  has  been  sunk. 
This  incline  was  sunk  between  limestone  on  the  east  and  Weber 
shales  on  the  west,  following  a  fissure  at  an  angle  of  sixty  degrees. 
The  fissure  carries  ore  in.  small  quantities,  but  assaying  as  much  as 
75  oz.  silver  per  ton.  This  same  fissure  has  been  found  at  the  end 
of  the  Emma  cave  adit  (No.  30,  Fig.  3),  about  forty  feet  below  the 
bottom  of  the  Hutchinson  incline,  and  also  in  a  short  cross-cut  in 
the  floor  of  the  Emma  caves  themselves.  At  both  of  these  places, 
good  ore,  although  not  in  large  quantity,  was  found.  The  same  fis- 
sure has  been  followed  in  highly  decomposed  limestone  on  the  second 
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level  south  from  the  Emma  Cave  workings,  where  very  rich  ore 
has  been  found  in  it  in  bunches  and  seams.  From  the  south  end  of 
this  level  a  winze  has  been  sunk  along  the  pitch  of  the  fault-fissure 
to  a  connection  with  the  compromise  drift.  This  winze  showed 
more  or  less  ore  all  along  to  its  connection  Mnth  the  ore  in  the  com- 
promise drift. 

This,  is  the  only  fault-fissure  on  Aspen  mountain  which,  to  my 
knowledge,  has  ever  been  followed  up  to  the  surface.  When  we  com- 
pare this  fissure  and  its  mineralization  with  the  so-called  "contact 
vein,"  exposed  in  the  Durant  incline,  there  can  be  no  doubt  which 
was  the  real  channel  of  tiie  ore-depositing  solutions. 

The  ore-body  in  the  Aspen  mine,  between  this  fault  (which  I  have 
called  the  Hutchinson  fault,  after  James  Hutchinson,  who  was  the 
first  to  trace  this  ore-bearing  crevice  through  the  Emma  and  Aspen 
workings,  to  locate  it  on  the  surface,  and  to  start  the  incline,  sunk  on 
it  from  the  surface  down  for  over  40  feet)  and  the  Aspen  fault,  is 
mainly  in  the  dolomite.  The  impregnation,  however,  does  not  stop 
at  the  blue  limestone,  but  in  many  places  reaches  up  into  it.  But 
there  is  more  and  richer  ore  found,  in  that  part  of  the  mine,  in  the 
brown  limestone  than  in  the  blue. 

The  richest  place  in  this  zone  of  the  mine  is  in  drift  No.  2  (6  6,  Fig. 
3),  where  a  large  body  of  ore,  assaying  thousands  of  ounces  of  silver 
per  ton,  is  exposed  on  all  sides  of  the  drift  for  about  50  to  60  feet. 
This  is  the  "show-drift"  of  the  mine.  Here  the  ore  extends  for  a 
depth  of  20  or  30  feet,  and  more,  down  into  the  brown  lime,  fol- 
lowing mostly  the  smaller  slips  and  cross-faults,  which  are  visible 
everywhere  through  these  workings.  All  the  faults  described,  the 
Emma  No.  6,  Spar,  Hutchinson,  and  Aspen  faults,  and  one  or  two 
others  yet  to  be  mentioned,  are  parallel  step-fiiults,  running  about 
N.  30°  E.,  situated  at  short  distances  from  each  other,  and  seemingly 
getting  closer  to  each  other  as  they  approach  the  region  of  the 
large  downthrow  of  the  Lower  Carboniferous  formation,  exposed  in 
the  Connaraara  workings  further  west.  Whether  thisConnamara  fault 
is  really  one  large  fault,  or  a  series  of  step-faults  close  together,  has 
not  been  satisfactorily  developed  yet  in  the  existing  mine-openings. 

The  Aspen  mine  has  several  cross-cuts  into  the  blue  lime,  some 
of  them  extending  100  feet  to  the  west  of  the  Aspen  fault.  All  of 
these  show  bodies  of  good  ore  in  any  of  the  breaks  crossed,  parallel 
to  the  fault.  The  latter  has  been  followed  down  on  its  dip  by  the 
old  Aspen  incline,  from  the  old  bottom  of  the  shaft,  220  feet  below 
the  surface,  to  an  additional  depth  of  about  100  feet.     From  this  in- 
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oline  the  second  level  of  the  mine  was  run  along  the  fault,  and  two 
cro8s-outs,  called  the  East  and  West  cross-cut,  were  ruti  northwest- 
erlv  into  the  hlue  limestone  hanoiuir-wall  of  the  fault.  The  east 
cross-out  struck  a  parallel  fault  about  30  feet  from  the  Aspen  fault, 
and  the  west  cross-cut  encountered  the  same  at  a  distance  of  45  feet, 
showint;-  a  convergence  of  both  faults  towards  the  northeast.  It  is 
in  the  drifts  and  stojx^s  run  along  the  Asj)en  fault,  that  the  gradual 
change  of  hlue  limestone  into  hard  dolomite,  thence  into  softer 
dolomite,  decomposed  dolomite,  and,  finally,  into  the  usual  cave- 
filling  of  this  region  (consisting  of  a  red  ferruginous  clay,  decom- 
posed rotten  dohimite,  breaking  very  easily  into  sharp-edged  small 
pieces,  and  of  boulders  of  undecomposed  blue  limestone,  protected 
by  the  coating  of  clay  from  farther  decomposition)  can  be  best  ob- 
served. The  dolomitization  here  follows  the  fault,  and  forms 
irregular  lenticular  masses,  mostly  in  the  foot-wall  of  the  fissure. 
In  some  places  the  fissure  has  been  completely  filled  by  solid  galena, 
uniting  firndy  both  its  walls.  In  other  parts  of  the  mine,  I  have 
observed  this  complete  solid  filling  of  a  former  fissure  by  calcite, 
but  only  in  northeast  and  southwest  fissures,  from  which  it  may  be 
inferred,  that  the  tangential  pressure  in  the  earth's  crust,  causing  the 
slijiping  of  the  rocks  along  the  faults,  has  come  to  an  end  as 
regards  this  direction,  while  it  probably  still  exists  and  movements 
of  the  rocks  are  still  going  on  in  other  directions. 

It  is  a  pity,  that  at  least  one  of  these  cross-cuts  has  not  been 
driven  farther  out  into  the  blue  limestone  and  beyond  it  for  some 
distance.  At  the  end  of  the  west  cross-cut  from  the  second  level, 
100  feet  from  that  level  (c,  Fig.  3),  gray  clay  shales  with  an  abundance 
of  disseminated  iron  pyrites  cut  off  the  blue  limestone.  An  analj-- 
sis  of  this  rock  gave  about  60  per  cent,  silica,  20  per  cent,  alumina, 
and  15  per  cent,  iron  pyrites.  The  question  is,  whether  we  have  to 
deal  here  with  a  decomposed  pyritiferous  porphyry,  or  with  some 
local  modification  of  the  Weber  shales. 

A  further  extension  of  these  cross-cuts  might  not  only  increase 
our  knowledge  of  the  details  of  the  geological  structure  of  this  part 
of  the  mountain,  but  might  also  lead  to  the  discovery  of  good  de- 
posits of  ore  along  the  line  of  the  Connaraara  fault.  This  sugges- 
tion holds  good  also  for  the  Emma  and  Vallejo  mines  farther  north. 
I  have  marked  in  the  cross-section  through  the  Washington  No.  2 
shaft  (Fig.  6),  the  regions  along  that  fault,  where  I  think  ore-bodies 
might  be  found  in  the  Golconda  claim.  In  all  that  part  of  the  Aspen 
mine  west  of  the  Aspen  fault,  the  ore-bodies  are  mostly  in  the  blue 
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limestone.  Frequently  there  are  several  such  ore-bodies,  separated 
by  zones  of  comparatively  barren  rock.  In  their  distribution  and 
extent,  these  ore-bodies  of  the  Aspen  mine,  west  of  the  Aspen  fault, 
show  more  clearly  the  influence  of  these  fault-fissures  on  their  origin 
and  formation,  than  any  others,  so  far  as  I  know,  on  the  mountain. 
The  Visino  3Iine. — This  mine  is  mainly  on  the  Durant  claim  ; 
but  its  workings  extend  into  several  of  the  adjoining  claims.  At 
the  month  of  the  Visino  tunnel  an  intrusive  sheet  or  a  dike  of  por- 
phyrv  occurs  between  blue  limestones.  The  blue  limestone  in  the 
vicinity  of  the  porphyry  is  changed  to  a  large  extent  into  marble,  as 
is  also  some  of  the  dolomite.  The  Visino  tunnel  starts  in  raarble- 
ized  blue  limestone  and  runs  directly  into  solid  porphyry,  through 
which  it  penetrates  again  into  marbleized  blue  and  brown  limestone, 
about  130  feet  from  its  mouth.  Here  the  first  level  of  the  mine 
runs  oiF  westward.  At  150  feet  from  its  mouth  the  tunnel  is 
changed  into  an  incline,  which  follows  down  practically  on  top  of 
the  porphyry  sheet,  penetrated  in  the  tunnel,  at  an  average  dip  of 
about  30°  to  35°,  to  the  third  level.  The  dip  of  the  top  of  tiie  por- 
phyry sheet,  at  first  flatter  than  the  incline,  gets  much  steeper  at 
level  No.  3;  and  the  porphyry  disappears  in  the  floor  of  the  incline, 
a  short  distance  below  that  level.  This  sheet  is  the  common  white 
porphyry  of  the  region,  containing  very  little  iron  pyrites.  Below 
No.  3  level,  and  down  to  No.  6,  occurs  in  the  incline  and  in  the 
beginning  of  the  different  south  levels  another  sheet  of  pyritiferous 
porphyry,  overlying  the  first-mentioned  body  of  porphyry,  and 
showing  local  inclusions  of  dolomitic  limestone  layers.  The  top 
of  this  sheet,  at  least  where  cut  by  the  Visino  incline  (which, 
however,  seems  to  follow,  more  or  less  closely,  the  summit  of  a 
local  saddle  in  the  porphyry),  is  still  flatter  than  the  top  of  the 
first  sheet,  but  at  No.  6  level  it  assumes  a  steep  dip,  and  also  dis- 
appears in  the  floor  of  the  incline.  The  steep  dip  of  these  two 
porphyry  sheets  at  No.  3  and  No.  6  levels  of  the  Visino  incline 
correspond  to  the  lines  and  the  dips  of  two  faults  which  cross  the 
formations  nearly  on  the  line  of  the  dip  of  the  strata,  are  approxi- 
mately parallel  to  the  Bonnybel  fault,  and  have  a  very  variable  dip. 
Between  these  two  faults,  a  body  of  Weber  shales,  some  of  them 
very  carbonaceous  and  black,  has  been  penetrated  by  the  incline. 
The  direction  of  the  fault,  at  the  S.  W.  edge  of  these  shales  and 
dividing  them  from  the  overlying  Lower  Carboniferous  limestones, 
and  its  pitch,  are  such,  that  the  south  side  of  incline  follows  the  fault 
very  closely  between  levels  4  and  6.     This  leaves  only  a  thin  shell 
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of  hlack  shales  between  the  south  side  of  the  incline  and  the  Lower 
Carboniferous  rocks,  a  circumstance  revealed  by  the  caving-in  of  this 
thin  shell  of  clay  shales,  after  they  had  been  exposed  to  the  air  for 
some  length  of  time.  This  body  of  Weber  shales  is  evidently  the 
one  which  crops  out  below  the  limestone  bluiF  traversed  by  the 
Forrest  tunnel,  and  which  has  been  cut  on  its  other,  the  X.  E.  side, 
by  the  end  of  the  Durant  Apex  tunnel  No.  8.  (See  Fig.  3.)  These 
faults,  in  conjunction  with  others  and  with  the  intrusive  sheets,  and 
the  tongues  of  porphyry  penetrating  into  the  limestone  in  the  neigh- 
borhood of  the  main  bodies  of  these  intrusive  sheets,  greatly  com- 
plicate the  structure  shown  in  the  workings  of  this  mine. 

The  main  ore-body  in  this  mine  and  excavated  in  huge  chambers 
or  stopes  is  found  mainly  in  the  blue  limestone,  which  is  here 
marbleized  and  dolomitized  to  a  large  extent  at  the  contact  of  the 
blue  limestone  and  the  porphyry.  The  regular  contact  l)etween  the 
overlying  mass  of  blue  limestone  and  the  underlying  dolomitized 
limestone,  although  quite  flat  in  dip  in  a  large  part  of  the  mine, 
has  been  found  completely  barren  wherever  encountered  in  this 
mine.  The  ore  occurs  in  the  blue  limestone  mainly  on  top  of  and 
(in  the  lower  workings  from  the  Little  Giant  winze)  underneath  the 
porphyry,  forming  large  chambers  and  pockets  in  the  decomposed 
blue  limestone.  (See  section  through  Bonnybel  Shaft,  Little  Giant 
and  Visino  workings  and  Forrest  tunnel.  Fig.  9.)  One  of  the 
larger  stopes  occurs  on  level  No.  4,  where. the  limestone  and  prob- 
ably also  part  of  the  porphyry  next  the  limestone,  has  been  changed 
into  a  mass  of  porous  quartz-rock,  crumbling  easily  and  impreg- 
nated with  ore.  In  levels  5  and  6  no  ore  is  found,  except  along  a 
crevice  running  north  of  west  and  south  of  east  and  cutting  nearly 
vertically  through  the  sedimentary  rocks.  Good  rich  ore  is  found 
in  the  immediate  neighborhood  of  this  crevice,  while  the  contact  of 
blue  limestone  and  dolomite,  as  well  as  the  rocks  themselves,  are 
barren.  This  vertical  crevice  can  be  easily  traced  throughout  all 
the  levels  of  the  Visino  mine,  and  passes  right  through  the  ore- 
stopes. 

Another  vertical  seam,  carrying  ore  throughout  its  length  or 
depth,  is  that  on  which  the  Little  Giant  discovery  cut  is  located, 
and  along  which  the  Little  Giant  winze  was  sunk  from  the  lower 
Little  Giant  tunnel.  (See  Fig.  9.)  This  seam  carries  good  ore,  even 
where  very  narrow  in  the  hard  blue  line,  and  it  is  easily  traceable 
and  very  persistent  in  its  extent.  It  is  shown  in  the  section  through 
the  Yisino  mine,  where  also  the  preponderating  influence  of  the 
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porplivry  on  the  formation  of  the  ore-bodies  of  tliis  mine  is  clearly 
discernible.  That  the  porj)hyry  has  been  the  source  of  the  ore- 
deposits  of  Aspen  mountain  is  more  than  probable,  but  it  is  hardly 
as  evident  in  any  other  case  as  in  this  mine. 

The  louver  part  of  the  Visino  incline,  from  a  point  about  100  feet 
west  of  level  No.  6,  is  run  on  a  uniform  grade  of  45°.  It  cuts 
throuti^h  some  very  large  breaks  and  fissures  and  through  some  very 
liard  ground.  I  think  it  affords  a  splendid  proof,  driven  as  it  is  on  a 
uniform  grade,  without  any  regard  to  contact  or  character  of  rock, 
that  wherever  the  Lower  Carboniferous  limestone  is  in  the  vicinity 
of  any  fissure  affording  a  channel  for  the  ore-bearing  solutions,  it  is 
possible  to  get  from  a  trace  to  a  few  ounces  of  silver  per  ton  of  lime- 
stone, /.  c,  that  the  whole  zone  of  Middle  Carboniferous  limestone 
has  been  slightly  impregnated  with  silver-ores  along  these  fissures. 
And  not  only  is  this  true  of  the  liower  Carboniferous  rocks  of  the 
region,  but  also  of  the  other  rocks,  though  in  a  less  degree. 

At  its  lower  end,  the  Visino  incline  penetrates  a  large  body  of 
highly  silicified  limestone,  some  of  it  also  considerably  impregnated 
with  silver-ores,  assaying  10  to  15  oz.  silver  per  ton  in  spots,  and 
after  passing  through  this  zone,  encounters  a  much  broken  zone  of 
dolomite,  beyond  which  it  passes  into  a  zone  of  blue  limestone 
traversed  by  large  fissures  filled  with  clay  (probably  the  edge  of  the 
Connamara  fault),  which  has  also  been  reached  by  the  southwest 
drift  from  the  Durant  incline,  near  the  Connamara  line.  Here  good 
ore  was  found  along  the  break,  between  dolomite  and  blue  limestone, 
the  break  between  both  rocks  dipping  very  steeply  to  the  east. 

Tlie  Connamara  Mine. — The  Connamara  (No.  31,  Fig.  3)  shaft 
was  sunk  on  the  slope  of  the  porphyry  ridge  west  of  Vallejo 
gulch.  It  is  only  about  250  feet  southwesterly  from  the  Aspen 
shaft,  and  the  shaft-collar  is  only  a  few  feet  more  than  a  hun- 
dred feet  higher  than  that  of  the  Aspen  shaft.  But  while  the 
Aspen  shaft  reached  the  "contact"  at  a  depth  of  210  feet,  the 
Connamara  shaft  has  been  sunk  620  feet,  or  about  300  feet  below 
the  horizon  at  \vhich  the  Aspen  shaft  reached  the  "  contact,"  and 
it  is  still  in  the  blue  limestone.  As  the  line  between  these  shafts 
is  nearly  that  of  the  strike  of  the  sedimentary  rocks,  there  must 
be  a  folding  or  faulting  of  the  strata  between  them,  causing  a  large 
downthrow  to  the  west.  There  is  no  sign  of  a  folding  of  the  strata 
in  the  west  cross-cut  drift  from  the  second  level  of  the  Aspen  ;  nor 
are  there  any  indications  of  it  in  a  drift  run  at  a  depth  of  600 
feet  in  the  Connamara  eastward  towards  the  Aspen   mine.     But 
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a  nuuiber  of  faults  have  been  cut  in  the  Aspen  workings  to  the 
west,  and  at  least  two  fault-fissures  in  the  drift  from  the  Connamara 
shaft.  It  looks,  therefore,  as  if  there  were  a  series  of  faults,  each 
with  a  downthrow  of  the  west  or  hanging-wall. 

While  some  ore  lias  been  found  in  each  of  these  faults,  some  of 
them  seem  to  have  favored  more  than  others  the  impregnation  of  their 
walls  with  ore.  The  block  of  ground  between  the  Aspen  fault  and 
the  next  one  west  of  it  (diverging  from  it  a  little  towards  the  south, 
at  least  locally,  opposite  the  second  level  workings  on  Aspen  ground) 
and  the  ground  east  of  the  fault  passing  about  70  feet  east  of  the 
Connamara  shaft  at  the  depth  of  600  feet,  seem  to  be  the  most 
richly  impregnated  parts  of  this  region  of  the  mountain.  Both  these 
zones,  at  least  down  to  a  depth  far  below  the  600-foot  level  of  the 
Connamara,  remain  on  Aspen  ground  for  the  whole  length  of  that 
claim,  and  hence  the  dev^elopments  from  the  Connamara  shaft  have 
so  far  served  only  to  add  considerable  value  to  the  Aspen  claim. 
The  richest  ore  in  the  Connamara  workings  has  been  encountered  in 
running  about  300  feet  south  of  the  shaft,  from  their  side-line  drift 
into  Aspen  ground,  following  a  cross-fissure.  About  50  feet  east  of 
the  boundary  line  of  the  Aspen,  and  after  apparently  crossing  what 
seems  to  be  the  same  fault  encountered  in  their  east  drift  72  feet 
east  of  the  shaft  (for  these  two  fissures  have  the  same  dip  and 
direction),  the  dolomite  was  found  carrying  true  silver-ore  (stepha- 
nite)  plainly  visible  in  the  whole  face  of  the  drift,  as  impregnations 
and  as  seams  in  the  rock.  The  same  kind  of  ore  was  again  struck 
about  40  feet  from  that  face  in  a  drift  run  south.  Both  exposures 
of  ore  belong  evidently  to  one  and  the  same  rich  ore-body.  While 
they  do  not  give  any  definite  indication  of  its  size,  they  promise 
a  considerable  body. 

Some  400  feet  vertically  above  this  impregnation  of  dolomite  with 
stephanite,  cross-cuts  from  the  southwest  drift  (a  a,  Fig.  3)  run  from 
the  Durant  incline  have  exposed  in  the  Aspen  ground  a  body  of  low- 
grade  dolomite  ore,  about  75  feet  wide,  rather  low  in  silver,  but  in- 
terspersed with  richer  streaks.  There  is  no  doubt  that  in  this  part 
of  the  mountain  nearly  the  whole  body  of  Lower  Carboniferous 
limestone  has  been  more  or  less  impregnated  with  silver.  This  may 
prove  to  be  a  practical  damage  instead  of  an  advantage,  by  scatter- 
ing the  silver  in  too  much  limestone,  instead  of  concentrating  it,  as 
in  the  other  parts  of  the  mines.  Still  the  discovery  in  this  Conna- 
mara drift  argues  pretty  well  for  finding  rich  bodies  of  ore  in  this 
part  of  the  mountain.     Numerous  cross-faults  and  breaks  have  been 
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encountered  in  diiviiiji;  the  Contmiuaru  drif't,  the  first  of  which  cuts 
off  the  fault-fissure  followed  by  the  drift.  In  that  fissure  was 
found  a  lot  of  "  black  talc" — quite  a  frequent  fillinjz,'  of  these  fis- 
sures. It  may  be  a  product  of  decomposition  of  the  Weber  shales, 
leached  into  the  fissures  from  above,  or  it  may  be  a  product  of  the 
crushino;  and  subsequent  decomposition  of  the  limestone,  colored  by 
the  organic  oiatter,  of  which  there  is  a  considerable  amount  in  some 
layers  of  the  limestone.  In  any  case,  its  presence  indicates  move- 
ments of  the  rocks  on  both  sides  of  it;  and  it  is  mostly  found  in 
recoffnized  fault-fissures. 

The  Bonnybely  Chloride  and  Silver  Star  Mines. — The  Chloride  mine 
(Nos.  2  and  3,  Fig.  3),  although  not  worked  at  present,  enjoys  the  dis- 
tinction of  having  been  the  first  shipper  of  ore  from  Aspen.  The  first 
work  done  on  this  claim  was  on  a  pocket  of  very  rich  ore  cropping  out 
on  the  surfiice  near  the  Silver  Star  line.  Here  a  fault  in  the  formation 
is  clearly  visible,  and  has  been  followed  along  its  strike  by  a  drift  for 
about  30  feet.  This  drift,  however,  is  now  caved  in.  After  ex- 
hausting the  first  pocket,  two  inclines  were  sunk  farther  north.  In 
the  one  nearest  to  the  original  pocket  good  ore  was  found  along  the 
fault.  That  the  connection  of  this  fissure  with  the  extent  of  the  ore- 
body  was  not  recognized,  is  very  evident  from  the  shape  of  the 
workings.  The  same  fault  was  again  encountered  in  the  North 
Chloride  incline,  and  here  a  large  body  of  rich  ore  was  found  along- 
side of  it,  near  the  contact  of  blue  and  brown  limestone  on  the  east 
side  of  the  fault,  but,  in  its  largest  and  richest  part,  entirely  in  the 
dolomite  on  the  west  side  of  the  fault.  The  regular  contact  of  the 
blue  and  the  brown  limestone  appears  in  No.  14  Durant  Apex 
tunnel  (No.  16,  Fig.  3)  over  150  feet  west,  and  nearly  100  feet 
above  the  dolomite,  which  is,  at  that  depth  of  100  feet  below  the 
"contact,"  converted  into  rich  ore.  These  Chloride  workings  con- 
nect with  the  old  Grand  Opening  (No.  4,  Fig.  3)  and  Bonnybel 
shafts  (No.  5,  Fig.  3),  both  of  which  are  east  of  the  fault  at  their 
bottoms.  At  the  northern  end  of  these  Chloride  workings  on 
Durant  ground,  a  winze  was  sunk  70  feet,  following  the  smooth 
hanging- wall  of  the  fault,  but  not  of  the  ore  ;  for  this  hanging-wall, 
and  also  the  fool-wall,  are  in  places  strongly  impregnated  with  silver- 
ore.  The  bottom  of  the  winze  is  about  70  feet  in  the  dolomite,  below 
the  contact  on  the  west  side  of  the  fault,  and  on  the  hanging-wall  side 
of  the  fault  at  least  170  feet  or  more  below  the  contact  of  the  dolo- 
mite with  the  overlying  limestone.  The  latter  contact,  if  not  abso- 
lutely barren  at  this  place,  is  certainly  much  less  impregnated  with 
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silver,  and  is  therefore  less  valuable  rock  in  place,  than  the  dolomite 
170  feet,  geologically  speaking;,  below  it  at  the  bottom  of  this  winze* 

This  winze  is  connected  with  the  south  incline  of  the  Bonnybel  mine 
(No.  7,  Fig.  3),  the  owners  of  which  have  lately  taken  up  the  theory 
of  a  continuous  contact-vein  between  blue  and  brown  limestone,  and 
have  been  applying  it  against  the  originators  of  the  theory,  the  Durant 
claim-owners.  The  Bonnybel  is  working  an  ore-body  immediately 
below  the  Visino  mine,  cropping  out  on  the  steep  slope  of  the  moun- 
tain, south  of  the  Bonnybel  fault,  the  northwest  and  southeast  course 
of  which  forms  the  northern  end  of  this  ore-body.  The  ore  is  a 
highly  impregnated  limestone,  much  marbleized,  and  is  found  in 
both  kinds  of  limestones,  but  principally  in  the  dolomite  near  the 
junction  of  the  two.  The  limestone  is  traversed  here  in  all  direc- 
tions (as  above  in  the  lower  workings  from  the  Little  Giant  winze) 
by  porphyry  tongues  and  sheets,  which  seem  to  follow  the  joint- 
planes  of  the  limestone  rather  than  the  bedding-planes.  They  are 
probably  branches  of  a  larger  porphyry  dyke,  which  will  probably 
be  found  at  greater  depth  in  the  fault-plane  running  through  the 
Silver  Star  workings,  the  Chloride  workings,  the  south  incline  of 
the  Bonnybel  claim,  and  the  winze  in  the  old  Chloride  workings 
connecting  with  the  south  incline  of  the  Bonnybel.  In  the  bottom 
of  the  south  incline  of  the  Chloride  mine  a  portion  of  this  porphyry 
dyke,  its  upper  end,  as  it  were,  has  been  encountered,  and  a  winze 
has  been  sunk  about  25  feet,  following  its  contact  with  the  under- 
lying dolomite.  That  this  fault  has  served  as  a  channel  for  the 
ascending  porphyry  is  evident  from  the  tongues  and  sheets  of  por- 
phyry encountered  in  all  the  Bonnybel  workings  in  the  neighbor- 
hood of  the  fault.  The  influence  of  these  porphyry  bodies  in  en- 
riching the  limestone  in  their  neighborhood  is  quite  evident  in  the 
Bonnybel  workings,  where  the  richest  ore-bodies  have  always  been 
found  in  the  neighborhood  of  the  porphyry  tongues  and  sheets. 

The  Silver  Star,  after  vainly  trying  by  tunnels  and  inclines  to  find 
a  contact-deposit  of  ore,  has  lately  struck  a  good  body  along  the 
fault-fissure  in  the  dolomite,  about  150  feet  below  its  contact  with 
the  overlying  blue  limestone.  The  contact  of  the  two  kinds  of  lime- 
stone, passing  frequently  through  a  solid  layer  of  limestone,  crops 
out  on  the  bluif  about  150  to  170  feet  above  the  discovery  on  the 
Silver  Star  claim.  That  contact  is  as  barren  of  silver  as  any  piece 
of  limestone  on  Aspen  mountain.  Still,  it  has  been  claimed  as  a 
part  of  the  continuous  "  contact-vein  "  of  the  Durant  claim.  The 
definitions  of  lodes  and  veins  in  the  construction  of  the  United  States 
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statutes  have  been  sometimes  novel  and  wonderful  ;  but  it  was  re- 
served for  this  Asj)eu  litiu:alion  to  claim  sometliiuti;  as  a  vein  or  lode 
wliieli  in  places  is  the  indistinct  division-line,  foIlowin<^  no  se<jtn  at 
all,  between  the  dolomitized  and  the  unaltered  parts  of  a  solid  layer 
of  limestone. 

V.  Conclusions. 

All  the  observed  features  of  these  mines,  in  their  bearing  on  the 
charactt  r  of  the  ore-deposits  on  Aspen  mountain,*warrant  me  in  the 
conclusion  that  the  ore  is  an  altered  limestone,  even  where  it  is  now 
solid  galena.  For  it  is  j)ossible  to  trace  in  these  ores  all  the  different 
steps  in  the  transition  from  limestone  to  solid  galena.  We  find  ore 
which  is  almost  |)ure  limestone  with  a  slight  impregnation  of  galena, 
then  limestone  heavily  impregnated,  then  masses,  in  which  bands 
of  galena  alternate  with  bands  of  limestone  impregnated  with  galena, 
and  so  on,  until  we  find  the  solid  galena.  But  even  this,  when  an- 
alyzed, generally  reveals  its  origin  by  the  presence  of  a  few  percent. 
of  carbonate  of  lime. 

We  find  that  the  silver  does  not  follow  the  lead  in  these  ores,  i.e., 
that  the  silver  contents  of  an  ore  bear  no  relation  whatever  to  its 
contents  in  lead.  Most  of  the  richer  silver-bearing  ores  are  either 
true  silver-ores,  like  polybasite  and  stephanite,  or  show  a  stain  of 
carbonates  of  copper,  resulting,  probably,  from  the  decomposition  of 
bisulphides  of  copper  and  silver. 

We  find  in  certain  portions  of  the  mines  much  heavy  spar,  which, 
however,  occurs  not  only  in  those  parts  of  the  limestones  impreg- 
nated with  ore,  but  very  frequently  in  parts  entirely  barren,  and  also 
as  well  in  the  porphyry  as  in  the  limestone.  Professor  Lakes,  in 
his  report  on  the  geology  of  Aspen,  declares  that  analyses,  made  in 
the  laboratory  of  the  School  of  Mines  at  Golden,  show  the  porphyry 
to  contain  an  appreciable  amount  of  oxide  of  barium.  We  may, 
therefore,  consider  the  porphyry  as  the  source  of  this  mineral,  which 
agrees  very  well  with  the  location  of  the  places  where  it  is  found 
most  abundantly.  Where  the  baryta  occurs  in  the  ore-bodies,  as  in 
the  Spar  mine,  it  contains  very  little  silver-ore,  and  the  larger 
pieces  of  it  are  sorted  out  of  the  ore  as  a  detriment  to  its  value, 
partly  on  account  of  its  refractory  behavior  in  smelting,  but  also, 
and  mainly,  because  of  its  low  grade  in  silver. 

The  conversion  of  the  limestone  into  ore  has  taken  place  by  meta- 
somasis,  i.e.,  the  gradual  substitution  of  particles  of  ores  for  par- 
ticles of  limestone,  thus  changing  the  limestone  partly,  and  in  rare 
instances  completely,  into  ore.     This  impregnation  of  the  limestone 
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proceeded  from  fissures  in  the  limestone  and  extended  thence  into 
the  mass.  We  find  the  richest  ore  and  the  most  altered  limestone 
following  the  direction  of  these  fissures,  and  we  see  the  ore  gradually 
passing  into  barren  and  only  slightly  impregnated  limestone,  as  the 
distance  from  these  fissures  increases.  These  fissures  are  mainly 
fault- fissures,  and  we  find  the  ore-bodies  to  be  the  largest  and  rich- 
est along  the  fissures  where  the  faulting  brought  different  kinds  of 
rock  in  contact  with  each  other  :  slate  with  blue  limestone  or  with 
dolomite,  or  blue  limestone  with  dolomite.  Some  of  these  fault- 
fissures  have,  evidently,  been  more  favorable  than  others  to  the  for- 
mation of  ore-bodies  along  their  line.  These  fault-fissures  have 
also  frequently  served  as  channels  for  the  eruptive  rocks,  as  is  shown 
by  the  porphyry  tongues  or  dykes  found  in  some  of  them. 

While  the  contact  of  the  blue  limestone  with  the  underlying  dolo- 
mite has  evidently  been  a  favorable  region  for  the  formation  of  ore- 
bodies,  such  bodies  have  only  been  formed  in  that  region  along  fis- 
sures cutting  through  the  limestones  and  the  contact,  which  fissures 
have  evidently  been  the  channels  for  the  metallic  solutions  impreg- 
nating the  limestones  and  forming  the  ore-bodies. 

There  is  no  doubt,  while  the  juxtaposition  of  limestone  and  dolo- 
mite, especially  that  caused  by  the  faulting  of  the  formation,  is  a 
favorable  region  for  the  formation  of  ore- bodies,  too  little  attention 
has  been  paid  so  far,  in  the  prospecting  and  developing  work  of  the 
mines,  to  the  exploration  of  these  fault-fissures  away  from  the  con- 
tact. 

Wherever  the  contact  has  been  found  in  an  undisturbed  condition, 
it  has  always  been  found  barren,  and  often  only  as  an  imaginary 
division-line  in  a  solid  layer  of  limestone.  And  in  most  cases,  where 
the  contact  has  been  found  to  contain  ore,  i.e.,  where  the  rocks  on  both 
sides  were  found  impregnated  with  ore,  it  has  been  found  to  be  a 
fault-contact,  and  not  one  caused  by  the  original  deposition  of  the 
formation. 

Finally,  while  some  of  the  richest  ore-bodies  on  Aspen  mountain 
have  been  found  removed  from  the  mass  of  porphyry  in  the  interior 
of  the  Lower  Carboniferous  limestone,  we  have  seen,  in  the  Visino, 
Chloride  and  Bonny bel  mines,  that  intrusive  sheets  or  dykes  of  por- 
phyry in  the  Lower  Carboniferous  limestone,  are,  on  Aspen  mountain 
as  elsewhere,  very  favorable  localities  for  finding  good  bodies  of  ore, 
and  that  the  contact  between  such  sheets  or  dykes  of  porphyry  and 
the  limestone  is  well  worth  prospecting. 

The  ore-deposits  of  Aspen  mountain  occur  throughout  nearly   the 
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whnlo  of  the  thickness  of  the  Ijower  Carboniferous  formations, 
although  the  lowest  dolomite  beds,  immediately  overlying  the  part- 
ing (iuart/ites,  do  not  seem  to  have  been  very  favorable  to  mineral 
deposition.  A  zone  of  the  Lower  Carboniferous  limestone,  from  40 
or  50  feet  below  the  top  to  200  feet  below  the  top,  or  about  150  feet 
above  the  parting  quartzites,  seems  to  have  been  specially  favorable 
to  mineral  deposition ;  and  since,  on  Aspen  mountain,  the  boundary 
between  the  dolomitized  and  the  unaltered  Lower  Carboniferous 
limestone  lies  (though  with  considerable  local  variation)  within  the 
limits  mentioned,  the  ore-bodies  may  be  said  in  a  certain  sense  to  be 
near  the  contact  between  "  blue"  and  "  brown "  limestone.  The  ore- 
deposits  of  Aspen  mountain  certainly  neither  follow  the  contact,  nor 
are  they  in  any  fair  sense  of  the  word  a  "contact-vein,"  least  of  all 
a  continuous  one,  which  only  exists  in  the  imagination  of  those  who 
speak  of  the  "great  mother  lode  of  Pitkin  county."  They  are  best 
described  as  impregnations  of  the  Lower  Carboniferous  limestone 
with  lead  and  silver  ores,  concentrated,  along  certain  fissures,  which 
have  probably  acted  as  channels  for  the  metalliferous  solutions,  to 
irregular  ore-bodies,  passing  gradually  into  less  impregnated,  and 
finally  into  the  barren  mass  of  the  country-rock. 


THE  DEVELOPMENT  AND  STATISTICS  OF  TEE  ALABAMA 
COAL-FIELDS  FOB  1887. 

BY  CHARLES  A.    A8HBURNER,  ASSISTANT  IN  CHARGE  OF  COAL 
STATISTICS,  U.  S.  GEOLOGICAL  SURVEY,  PITTSBURGH,  PA. 

(Birmingham  Meeting,  May,  1888.) 

[The  statistics  contained  in  this  paper  were  collected  for  the 
United  States  Geological  Survey  and  communicated  to  the  Institute, 
by  permission,  prior  to  their  publication  in  the  report  on  the  Min- 
eral Statistics  of  the  United  States  for  1887.] 

The  total  coal-production  of  Alabama  in  1887  was  about  1,950,000 
short  tons,  the  spot-value  of  which,  at  the  mines,  was  $2,535,000. 

The  coal-regions  of  the  State  lie  in  the  extreme  southern  part  of 
the  Appalachian  coal-field,  the  northern  part  of  which  lies  along  the 
western  New  York-Pennsylvania  State  line  ;  between  these  limits, 
New  York  on  the  north  and  Alabama  on  the  south,  portions  of  the 
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field  are  contained  in  Pennsylvania,  Ohio,  Maryland,  Virginia, 
West  Virginia,  Kentucky,  Tennessee  and  Georgia.  During  the 
past  year  no  extended  surveys  have  been  made  which  give  any  more 
exact  knowledge  as  to  the  area  of  the  Alabama  fields,  which,  accord- 
ing to  the  latest  estimates  made  by  Mr.  Henry  McCalley  of  the 
State  Survey,  cover  r,660  square  miles. 

Many  local  names  are  employed  by  local  mining  men  to  designate 
special  parts  of  the  region,  although  for  general  descriptive  purposes 
a  division  into  the  AVarrior,  Cahaba  and  Coosa  is  quite  sufficient — 
the  first-named  field,  comprising  all  the  area  underlain  by  coal- 
measures  and  drained  by  both  forks  of  the  Warrior  and  their  tribu- 
taries, and  the  Tennessee  river  and  its  tributaries  in  Alabama,  being 
more  than  ten  times  as  large  as  the  area  of  the  other  two  combined. 

The  Coosa  field  extends  northeast  and  southwest  from  Calera  to 
Eastport,  a  distance  of  about  60  miles,  the  width  of  the  field  ranging 
from  5  to  12  miles.  It  has  been  recently  estimated  that  the  Coosa 
field  embraces  about  30  square  miles  in  the  northwestern  part  of  Cal- 
houn County,  about  150  square  miles  in  Saint  Clair  County,  and 
about  235  square  miles  in  Shelby  County,  making  an  aggregate  of 
415  square  miles.  It  has  been  also  estimated  that  the  Cahaba  field 
includes  about  50  square  miles  in  Saint  Clair  County,  100  in  Jeffer- 
son County,  160  in  Shelby  County  and  125  in  Bibb  County,  aggre- 
gating 435  square  miles.  Only  75  square  miles  in  Bibb  County  are 
free  from  drift,  so  that  the  area  depending  upon  the  coal-measures 
for  its  soil  is  reduced  to  385  square  miles. 

The  relative  importance  of  the  several  counties  in  the  production 
of  coal  may  be  gathered  from  the  following  summary  table  : 

Production  by  Counties,  1887. 


County. 

Production. 

Jefferson 

Tons. 

1,384,000 

230,000 

53,000 

222,000 

9,000 

52,000 

Per  cent. 

70 
12 

3 
11.5 
.5 

3 

Bibb 

St  Clair 

Walker 

Shelby 

Total 

1,950,000 

100 

It  has  been  estimated  in  a  rough  way  that  there  are  108,394,000,000 
tons  of  available  coal  in  the  Warrior  field,  in  seams  over  18  inches 
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thick,  of  which  there  are  50  seams  inchided  in  tlie  coal-measures 
whioli  attain  their  maximum  thickness  of  3000  feet,  more  or  less, 
near  Tuscaloosa.  Such  estimates  as  these  are  of  no  ])ractical  value, 
since  it  is  a  matter  of  very  little  importance  to  the  interests  of  the 
State  or  the  coal-tratle,  whether  the  coal-fields  contain  50  billion 
tons  more  or  less,  while  there  may  be  said  to  be  in  sight  sufficient 
coal  excluding  all  other  fields  to  meet  the  wants  of  the  entire  United 
States  for  many  years.  These  estimates,  however,  have  been  the 
basis  for  the  most  absurd  statements  as  to  the  preponderance  of  coal 
in  Alabaiua  over  that  in  other  States,  and  it  may  be  of  interest  in 
this  connection  to  give  some  general  figures  for  other  coal-fields  as 
a  basis  for  comparison. 

The  thickness  of  the  bituminous  coal-measures  proper  in  Penn- 
sylvania is  2600  feet,  to  which  must  now  be  added  1200  feet — the 
thickness  of  the  Pocono  sandstone.  No.  X.,  which  contains  valuable 
coal-beds,  which  are  now  being  extensively  worked  in  the  vicinity 
of  Altoona, — making  a  total  thickness  of  productive  coal-measures  of 
3800  feet,  containing  workable  coal-beds  aggregating  in  thickness  in 
many  places  100  feet,  more  or  less.  In  the  Pennsylvania  anthracite 
region  the  thickness  of  the  coal-measures  in  the  Pottsville  basin  is 
3100  feet,  containing  workable  coal-beds,  having  an  average  aggre- 
gate thickness  of  120  feet,  although  in  one  part  of  the  region  the 
Mammoth  coal-bed  alone  attains  a  thickness  of  over  100  feet,  while 
a  thickness  to  this  bed  of  over  50  feet  in  extended  areas  is  not  infre- 
quent. In  the  Pennsylvania  bituminous  region,  there  is  estimated 
to  exist,  within  easily  attainable  depths,  in  beds  which  are  over  2 
feet  6  inches  thick,  at  least  33  billion  tons  of  merchantable  coal.  In 
beds  over  18  inches  thick,  and  at  all  depths,  there  certainly  exist  in 
this  region  120  billion  tons  of  merchantable  coal. 

A  very  conservative  estimate  of  the  amount  of  merchantable  coal 
in  Illinois,  in  beds  of  present  workable  dimensions,  is  30  billion 
tons.  In  Ohio  and  West  Virginia  the  amount  of  merchantable  coal 
contained  is  quite  comparable  with  that  contained  in  Illinois  and 
Pennsylvania.  While  no  practical  advantage  is  to  be  gained  by 
general  statements  to  prove  the  importance  of  any  one  State  coal- 
field, the  above  figures  would  hardly  warrant  the  statement  which  is 
currently  made,  that  Alabama  contains  a  greater  thickness  of  coal- 
measures  and  more  available  merchantable  coal  than  any  other 
State. 

The  geological  structure  of  the  coal-beds  of  Alabama  is  variable 
as  to  their  dip.     In  the  Warrior  or  more  western  field  the  coal-beds 
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lie  more  generally  horizontal  than  in  either  the  Cahaba  or  the  Coosa 
field,  where  the  coal-beds  dip  at  all  angles,  in  some  cases  being  com- 
pletely overturned. 

The  most  valuable  coal-bed  developed  in  the  State,  and  that  from 
which  the  greater  amount  of  coal  is  mined,  is  the  Pratt  bed  in  the 
Warrior  field,  although  there  are  believed  to  be  several  other  beds 
equally  as  good.  According  to  Prof.  E.  A.  Smith,  State  Geologist, 
the  seam  at  Blocton  in  the  Cahaba  field  (Bibb  county)  is  over  6  feet 
thick,  free  from  shale,  and  in  every  respect  equal  to  the  Pratt  seam. 
There  are  other  coals  which  coke  equally  well,  though  not  mined 
or  coked  to  the  same  extent  as  the  Pratt  coal.  The  thickness  of  the 
Pratt  bed  varies  from  4  feet  to  6  feet;  the  average  thickness  through- 
out the  field  for  mining  purposes  may  be  considered  to  be  4  feet  6 
inches.  One  of  the  most  persistent  geological  features  of  this  bed  is 
the  occurrence  of  a  slate-parting,  from  2  to  3  inches  thick,  7  inches 
from  the  top  of  the  bed.  As  the  bed  is  mined,  its  product  is  gener- 
ally 33  per  cent,  of  lump-coal  and  67  per  cent,  of  nut  and  slack,  the 
latter  percentage  being  utilized  mostly  in  the  coke  ovens.  It  is 
generally  estimated  that  the  Pratt  bed  will  yield,  on  an  average, 
about  4000  tons  of  merchantable  coal  to  an  acre.  The  New  Castle 
seam,  with  an  average  thickness  of  7  feet  and  over,  with  more  or 
less  slate  as  partings,  called  in  places  the  "Big  Vein,"  covering  a 
much  larger  territory  than  the  Pratt  seam,  is  destined,  it  is  believed, 
to  be  the  great  coal-seam  of  Alabama. 

Statistics  for  1887,  from  all  the  known  mines  in  the  State,  were 
obtained  through  returns  made  by  each  company  direct  to  myself, 
as  special  agent  in  charge  of  coal  statistics  for  the  United  States 
Geological  Survey,  the  names  of  a  number  of  new  coal-mining 
establishments  being  furnished  by  Prof.  Eugene  A.  Smith,  State 
Geologist.  The  total  prodnction  for  the  year  was  1,945,812  tons, 
including  all  the  coal  mined,  whether  used  for  making  coke  or 
directly  shipped  as  coal. 

If  all  the  coal  which  has  not  been  reported  and  which  is  mined  at 
country  banks  for  local  consumption  should  be  included,  it  is  be- 
lieved that  1,950,000  tons  would  be  a  maximum  estimate  for  1887. 
A  summary  of  the  returns  received  from  the  individual  mines  is 
given  in  the  following  table  (p.  210). 

The  Pratt  mines  are  operated  by  the  Tennessee  Coal,  Iron  and 
Railroad  Company,  which  operates  also  the  Tracy  City  and  Whit- 
well  mines  in  Tennessee. 

The  Pratt  mines,  one  year  ago,  had  a  daily  capacity  of  2500  tons; 
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Knmc  of  Coiiipaiiy. 

Location. 

Production. 

No.  of 
Mines. 

Miners 
etc. 

Wages. 

Price  at 
Mines. 

Days 
worked 

(Jefferson  County). 

Tcnn.  r  T.  .t  R.  K.  Co. 
Henrv-KlU'ii  Coal  (^o. 
Slos.s'lroii  &  Steel  Co. 
Watts  Coal  it  Iron  Co. 
Warrior  C.  &  V.  Co. 
Mabel  Mininp  Co. 
Pieree-Wnrrior  Coal  Co. 
Hoene  Consolidnted  Coal  Co. 
Milner  Coal  A  K.  H.  Co. 
Woodward  Iron  Co. 
J.  S.  Carr  &  Co. 

Pratt  Mines. 

Henry- I'^Uen. 

Coal  burg  &  Brookside. 

Warrior. 

New  Castle. 
Woodward. 
Morrow's  Mines. 

711,606 
*  11, 000 

lH'.l,.5.'-.5 
2:!,(K)0 
42,(l."i0 
»i,()00 
51,'.MI0 
,5s,  220 
6."),0!I0 
60,676 

110,000 

4 

2 
4 
3 
7 
1 
3 
3 
2 
T 
1 

75 

100 

90 

.55  to  90 

200 

100 

$ 

.70 
.70 

.70 
.70 

..50 

«1.20 
1.20 
1.20 
1.20 
1.20 

200 
250 
200 

262 

310 

Total 

1,383,007 

31 

(Bibb  County). 

Brierfield  Coal  &  Coke  Co. 
Cahaba  Coal  Mining  Co. 

Brierfield. 
Blocton. 

72,000 
157,821 

2 
6 

200 
550 

.70 
.55 

1.50 

2.50 
250 

Total 

229,821 

8 

750 

250 

(St.  Clair  County). 

Coosa  Coal  &  Coke  Co. 
St.  Clair  Coal  Co. 

Broken  Arrow. 
Ragland. 

none 
52,141 

2 

1 

50 

.40 

1.15 

275 

Total 

52,141 

3 

275 

(Walker  County). 

Wolf  Creek  Coal  Co. 
Penn  Mobile  Coal  Co. 
O'Brien  Coal  Co. 
Va.  ct  Ala.  M.  &  M.  Co. 
T.  H.  Dunn  &  Co. 
Frief  ct  Moore. 
Kan.sas  Citv  C.  &  C.  Co. 
B.  M.  Long  &  Co. 
E.  Donaldson  &  Co. 
Black  Diamond  Coal  Co. 
Norwell  &  Co. 
Corona  Coal  &  Coke  Co. 

Corona. 

Patton  &  Coal  Valley. 

York. 

Horse  Creek  Mines. 

Carbon  Hill. 

Cordova. 

Coal  Valley. 

Patton. 

Day's  Gap. 

Corona. 

530 

*44,000 

10,500 

60,000 

*18,750 

15,000 

2,000 

10,000 

14,000 

12,. 500 

13,758 

20,000 

1 
1 
1 
3 
1 
1 
1 
1 
2 
1 
1 
1    • 

24 

45 
265 

75 

50 

50 

26 

125 

■•72% 
.72'.^ 

.Tiy^ 

.55 

.55- .60 

.6O-72I4 

.62]/,  to 

.72% 

1.50 

1.30 
1.37K 

1.40 

]§^ 
1.25 

19 

175 
146 

24 

146 
150 
100 

Total 

221,038 

15 

(Tuscaloosa  County). 

A.  Durie,  and  others. 
Alabama  Insane  Hospital. 

Tuscaloosa. 

5,250 
3,000 

1 

1 

4 

.Sl% 

310 

Total 

8,250 

2 

(Shelby  County). 
Montevullo  Coal  &  Iron  Co. 

Aldrich. 

36,. 5.55 
15,000 

1 

75 

1.00 

2.50 

260 

Total 

51,555 

Grand  Total 

rt 

1,945,812 

•  No  return  received.    Production  estimated  to  be  about  the  same  as  that  reported  for  1886. 
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at  the  end  of  ]887  this  had  been  increased  to  3000  tons,  and  it  is 
planned  now  to  increase  this  to  4000  tons  during  tlie  early  part  of 
1888,  and  to  5000  tons  by  the  spring  of  1889. 

Although  the  proportion  of  the  Company's  coal  mined  in  Alabama, 
which  is  coked,  is  not  reported,  a  comparative  idea  may  be  gained 
from  the  following  complete  returns  : 

Statistics  of  the  Tennessee  Coal,  Iron  and  Railroad  Company,  1887. 

Pratt  mines  production, 711,606  Tons. 

Tracy  City 415,485      " 

Whitwell, 

Total  production,       .... 

Total  consumed  at  mines,  including  amoimt  made 

into  coke, 

Total  shipped  to  outside  markets,   .... 

Total  production,        .... 

Outside  of  the  above  company,  the  amount  of  coal  coked,  as  re- 
ported by  the  different  companies,  was  as  follows: 


12,529 
1,139,620 

509,288  Tons 
630,332   " 

1,139,620   " 

Sloss  Iron  and  Steel  Company, 
Watts  Coal  and  Iron  Company, 
Warrior  Coal  and  Coke  Company, 
Woodward  Iron  Company, 
Brierfield  Coal  and  Coke  Company, 
Saint  Clair  Coal  Company, 


63,600  Tons. 
2,000  " 
2,042  " 
60,676  " 
48,000  " 
15,047      " 


An  analysis  of  the  coal  produced  by  the  Sloss  Iron  and  Steel 
Company,  made  by  Prof.  J.  L.  Campbell  and  reported  by  the  Com- 
pany, as  showing  the  average  quality  of  the  coal  produced  by  their 
mines,  is  as  follows  : 

Ash 3.014 

Fixed  carbon, 65.075 

Volatile  matter 30.745 

Sulphur, 1.203 

Water, 935 

The  specific  gravity  of  this  coal  is  1.295. 

The  Sloss  Company  is  operating  four  drift-openings  in  the  Pratt 
seam  a  mile  back  from  Coalburg  railroad  station  ;  two  small  open- 
ings have  also  been  made  near  the  depot.  The  coal-bed  in  this  part 
of  the  field  will  average  about  3  feet  in  thickness.  A  new  mine  has 
also  been  opened  at  Brookside  station,  6  miles  west  of  Coalburg, 
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from  which  it  is  expected  good  coal  can  be  mined ;  the  bed  shows  a 
somewhat  greater  thickness  than  at  Coalburg. 

Tlie  U5  bee-liive  coke  ovens,  near  the  No.  4  and  B  mines,  are 
kept  constantly  in  blast,  supplying  coke  for  the  Williamson  furnaces 
in  Birmingham. 

The  Sloss  Iron  and  Steel  Company  is  preparing  to  make  exten- 
sive improvements  about  its  coal  }>lants.  It  expects  in  the  near 
future  to  furnish  the  coal  from  these  works  for  the  250  coke  ovens 
at  the  two  large  furnaces  in  Birmingham,  and  also  to  make  coke 
for  supplying  two  new  furnaces  at  North  Birmingham.  At  No. 
3  mine  the  tail-rope  haulage-system  has  been  introduced,  which 
enables  the  coal  to  be  moved  more  rapidly.  The  rope  is  3300  feet 
long.  At  this  tipple  a  Thomas  coal-crusher  and  washer  is  in  oper- 
ation, through  which  the  screenings  from  several  mines  will  be  run, 
adding  to  the  quality  of  coke  produced. 

A  plant  of  63  of  the  Thomas  coke  ovens  is  nearly  finished.  This 
is  a  new  oven  for  which  great  advantages  are  claimed  over  the  bee- 
hive. It  is  built  similar  to  the  bee-hive,  except  that  it  is  long 
instead  of  round.  Each  oven  is  6  feet  wide,  36  feet  long  and  5  feet 
high  in  the  clear.  A  14-inch  wall  separates  each  oven  from  the 
next.  They  are  charged  like  a  bee-hive  from  the  top,  taking  a 
charge  of  12  tons  of  coal  to  each  oven.  Steam-machinery,  mounted 
on  wheels,  is  run  in  front  of  the  ovens,  with  which  the  charge  is 
drawn  out  of  the  oven  after  the  coke  is  made.  The  mouth  of  the 
oven  is  a  few  inches. wider  than  the  back  part,  allowing  the  charge 
to  slide  out  freely.  It  is  claimed  that  the  coke  can  be  economi- 
cally taken  from  the  oven  and  loaded  directly  into  cars  with  this 
machinery.  The  ovens  can  be  immediately  recharged,  thus  keeping 
them  at  a  greater  heat  and  making  a  better  quality  of  coke.  These 
will  be  the  first  of  this  class  of  ovens  that  have  been  built  in  this 
section  of  the  South.  A  number  of  new  houses  have  been  built  by 
the  Sloss  Iron  and  Steel  Company  during  the  year.  At  present, 
work  is  a  little  slack  in  the  mines.  About  275  free  laborers  and  275 
convicts  are  employed.  The  miner  receives  60  cents  per  ton  for  run 
of  mine  coal. 

The  Watts  Coal  and  Iron  Company's  mines  are  situated  on  the 
north  bank  of  Warrior  River,  about  2|  miles  southeast  of  the  town 
of  Warrior,  in  township  14  S.  range  3  W.  Owing  to  the  burning 
of  the  machinery  the  mines  were  closed  during  the  months  of 
November  and  December,  operations  being  resumed  in  January, 
1888.     In  consequence,  the  total  production  for  the  year  was  much 
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smaller  than  it  would  otherwise  have  been.  The  coal-bed  rained 
averages  about  3  feet  6  inches  thick.  The  analysis  of  the  coal  made 
by  Mr.  N.  T.  Lupton  and  of  the  coke  made  by  Mr.  Brainerd  are 
reported  by  the  company  as  follows  : 

Coal.  Coke. 

Ash, 1.92  4.780 

Fixed  carbon, 63.03  92  304 

Volatile  matter, 33.88  1.600 

Sulphur, 1.20  1.116 

Water, 1.17  .200 

The  Company  is  opening  a  new  mine  in  the  Pratt  coal-bed  on 
Blue  Creek,  southwest  of  Birmingham.  The  mines  during  1888 
will  be  prepared  to  produce  300  tons  of  coal  daily.  The  coal  from 
this  mine,  other  than  that  which  is  coked,  is  shipped  to  the  Louis- 
ville and  Nashville  railroad. 

The  Warrior  Coal  and  Coke  Company  has  seven  drift-openings, 
which  are  all  connected  together  as  one  mine,  located  near  Coaldale; 
the  mines  were  worked  about  250  days  during  1887.  The  average 
thickness  of  the  bed,  which  is  at  present  worked,  is  3  feet ;  it  is  re- 
ported that  there  are  three  other  coal-beds  which  underlie  the  entire 
area  of  the  company's  property,  one  4  feet  thick  and  the  other,  2 
to  3  feet  thick  respectively.  An  analysis  of  the  coal  which  is  at 
present  mined,  made  by  Mr.  N.  T.  Lupton  and  reported  by  the 
company,  shows : 

Ash, 1.27 

Fixed  carbon, 65.12 

Volatile  matter, 32.24 

Sulphur,    ...........  .56 

The  coal  is  shipped  to  local  points  in  Alabama,  to  southwest 
Georgia,  to  Florida  and  to  New  Orleans. 

The  Mabel  Mining  Company's  mines  are  located  1  mile  north  of 
the  town  of  Warrior.  The  coal-bed  which  is  mined  has  an  average 
thickness  of  2  feet,  10  inches ;  the  coal  is  particularly  adapted  for 
steam  purposes,  and  shows  on  analysis  : 

Ash, 1.27 

Fixed  carbon, 65.13 

Volatile  matter, 32.24 

Sulphur, 50 
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The  mines  employ  at  times  from  75  to  100  miners,  and  the  pro- 
duct is  shipped  to  points  alono;  the  Louisville  and  Nashville  rail- 
road, lying  between  Nashville  and  New  Orleans. 

The  Hoene  Consolidated  Coal  and  Iron  Company's  mines,  with 
the  production  of  each  for  1887,  are  as  follows  : 


ame  of  Mines. 

Location. 

Production. 

Alabama, 

.     At  Warrior, 

.     26,324    Tons. 

Jefferson, 

.     3  miles  S.  of  Warrior, 

.     20,396        " 

Brake,     . 

2      «          <>           " 

.     15,000  (?)  " 

The  Pierce- Warrior  Coal  Company  is  operating  three  mines  in 
the  vicinity  of  Warrior,  Jefferson  county,  located  as  follows  :  Old 
Shaft  mine,  half  a  mile  north  of  Warrior  station  ;  New  Shaft,  the 
largest  and  best  mine,  half  a  mile  south  of  the  station,  and  the 
AVolf  Den  Hollow  mine.  The  New  Shaft  mine  was  not  worked 
during  1887  alone.  The  present  Company  is  a  reorganization  of 
the  old  Pierce- Warrior  Coal  Company,  and  took  charge  of  the 
mines  on  ]\[arch  1st,  1887.  During  January  and  February,  1887, 
5500  tons  had  been  mined  by  the  old  company ;  since  March  1st, 
the  new  organization  mined  45,400  tons,  making  a  total  for  the 
year  of  50,900  tons,  1000  tons  of  which  were  consumed  at  the 
mines.  The  coal-bed  varies  from  2  feet  to  3  feet  8  inches  thick ; 
the  coal  is  used  principally  for  steam  and  blacksmithing  purposes. 
The  following  partial  analysis  of  the  coal  is  reported  by  the  Com- 
pany : 

Ash, 1.27 

Fixed  carbon, 65.18 

Volatile  matter, 32.24 

The  number  of  men  employed  at  these  mines  varies  from  55  to 
90;  miners  are  paid  70  cents  per  ton  for  mining;  laborers  earn 
from  $1.00  to  $2.00  per  day.  The  coal  is  shipped  to  Nashville, 
Tennessee,  and  the  cities  of  Decatur  and  Mobile,  Alabama;  the 
average  selling  price  per.  ton  during  1887,  being  $1.20  on  cars  at 
the  mine. 

The  average  thickness  of  the  bed  at  the  Alabama  mines  is  2  feet, 
10  inches,  while  at  the  Jefferson  and  Brake  mines,  it  is  3  feet,  6 
inches.  The  coal  is  particularly  adapted  for  steam  and  gas  purposes. 
The  mines  were  worked  2.J2  days  during  the  year,  and  there  were 
employed,  on  an  average,  200  men,  both  inside  and  outside.  About 
two-thirds  of  the  product  of  the  mines  were  shipped  to  the  Lquis- 
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ville  and  Nashville  railroad,  and  one-third  to  Montgomery,  Ala- 
bama, Mobile,  New  Orleans,  Selma  and  to  several  points  in 
Georgia. 

The  two  mines  of  the  Milner  Coal  and  Railroad  Company  are 
located  in  the  vicinity  of  New  Castle,  in  Jefferson  County.  Two 
coal-beds  are  worked  at  these  mines,  the  Black  Creek  bed,  from 
which  60,000  tons  of  coal  were  mined  in  1887,  and  the  New  Castle 
bed,  from  which  5000  tons  of  coal  were  mined  in  the  same  year. 
This  coal  was  shipped  to  Montgomery,  Mobile  and  New  Orleans, 
60,000  tons  being  sent  to  market  and  the  remaining  5000  tons  con- 
sumed locally  at  the  mines.  The  coal  commanded,  for  run  of  mine 
coal,  a  price  of  81.25  per  ton  at  the  mines. 

The  Woodward  Iron  Company  is  operating  mines  at  Woodward, 
in  Jefferson  County;  its  coal-bed  is  opened  by  slopes.  During 
1887  the  production  of  coal  was  60,676  tons,  all  of  which  was  con- 
sumed by  the  company  in  making  coke  for  use  in  its  two  furnaces  at 
Woodward.  A  new  slope  has  recently  been  driven  in  the  coal-bed, 
and  gives  promise  of  an  extensive  mine.  The  coal-bed  at  Woodward 
is  4  feet  8  inches  thick,  the  coal  being  particularly  adapted  for  coking 
purposes.  The  mines  were  operated  steadily  throughout  the  year, 
having  worked  310  days  ;  100  men  were  employed. 

The  mines  of  the  Brierfield  Coal  and  Coke  Company  are  located 
in  Bibb  County,  near  the  edge  of  Shelby  County,  and  3  miles  from 
Brierfield,  with  which  they  are  connected  by  a  standard-gauge  rail- 
road. During  1887  this  company  produced  72,000  tons  of  coal,  of 
which  48,000  tons  were  manufactured  into  coke,  and  the  remainder 
shipped  to  various  points  in  Alabama,  Georgia,  Mississippi  and 
Louisiana,  Four  coal-beds,  each  about  4  feet  thick,  are  worked  in 
the  two  mines  of  this  company ;  their  extent  is  practically  unlimited. 
The  coal  is  used  for  domestic  purposes  and  for  making  coke.  Durino- 
1887  the  company  employed  about  200  persons,  the  mines  being 
worked  250  days  during  the  year. 

The  Cahaba  Coal  Mining  Company's  mines  are  located  at  Bloc- 
ton,  in  Bibb  County,  10  miles  from  Woodstock  station,  on  the  Ala- 
bama Great  Southern  railroad,  and  29  miles  south  of  Birmingham. 
The  village  of  Blocton,  where  all  its  works  are  located,  contains  350 
neat  houses,  built  by  the  company.  The  company  also  built  and 
operates  a  standard-gauge  road  from  Blocton  to  Woodstock,  where 
a  junction  is  formed  with  the  Alabama  Great  Southern  road.  A 
junction  has  also  just  been  made  at  Woodstock  with  the  new  mineral 
branch  of  the  Louisville  and  Nashville  railroad,  giving  two  good 
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outlets.  It  is  possible  another  branch  from  the  East  Tennessee, 
Viririnia  and  Georgia  road  will  tap  the  Company's  line  the  present 
year,  oivino;  a  sJKirt  route  t(i  Anniston,  where  2  lartro  hlast-f'nrnaoes 
will  he  supplied  with  coke  by  the  Company.  Up  to  1887  the 
Company  had  but  one  mine;  5  new  mines,  from  which  shipments 
were  commenced  in  November,  were  opened  during  the  year.  Two 
separate  coal-beds  are  mined,  locally  known  as  No.  1  and  No.  2. 
Two  .slo|)es  and  a  shaft  are  driven  into  bed  No.  1,  and  two  slopes 
and  a  drift  into  bed  No.  2. 

The  largest  and  most  extensively  operated  mine  of  the  six  is  the 
No.  2  slope,  opening  into  the  No.  2  seam.  This  opening  was  made 
into  6  feet  of  fine  coal  1  mile  back  from  the  Company's  headquarters. 
This  is  a  double-track  opening,  following  the  coal  down  1500  feet, 
at  an  average  pitch  of  9  degrees.  Seven  lifts  have  been  opened. 
These  lifts  are  200  feet  apart.  The  entries  of  each  lift  are  run  east 
and  west  from  the  slope-track,  some  of  them  extending  back  I  mile 
from  the  slope.  Mr.  Thomas  Belch  has  charge  of  the  underground 
work,  and  about  700  tons  of  coal  are  hoisted  daily. 

No.  3  slope  was  recently  opened  in  the  No.  2  seam,  2  miles  from 
No.  2  slope.  This  is  also  a  double-track  opening,  from  which  a 
large  amount  of  coal  will  soon  be  hoisted.  Already  2  headings 
have  been  turned  off  from  the  first  lift,  and  I'ooms  worked  in  them, 
and  two  others  are  being  turned  off  on  the  second  lift.  The  slof>e- 
headings  are  being  driven  down  as  fast  as  possible,  running  double 
shifts.  No.  6  is  a  drift  opened  into  the  same  seam  opposite  the  tipple 
of  No.  3  slope.  These  two  mines  are  in  charge  of  Mr.  Herbert 
Thomas.  An  additional  force  of  miners  will  be  j)laced  in  these 
mines  as  fast  as  room  is  made.  In  this  seam  the  miners  are  paid 
55  cents  a  ton  for  forked  coal  and  50  cents  for  run  of  mine  coal. 

No.  1  slope  is  opened  in  the  No.  2  seam.  This  slope  was  idle 
last  year,  but  has  recently  been  repaired.  The  coal-bed  at  this 
opening  has  a  dip  of  about  5  degrees.  The  seam  averages  3  feet  in 
thickness.  A  new  engine,  boiler  and  other  machinery  have  recently 
been  set  up,  and  preparations  made  for  hoisting  a  large  amount  of 
coal.  Mr.  James  Wilcox  has  charge  of  the  underground  work. 
The  miners  working  in  this  seam  receive  80  cents  per  ton  for  run  of 
mine.     This  slope  is  down  800  feet. 

No.  4,  another  new  slope  opened  into  No.  2  seam,  has  been  made 
1  mile  north  of  the  Company'b  headquarters.  It  is  now  down  700 
feet,  going  towards  No.  1.     Mr.  James  Waugh  has  charge. 

No.  5  is  a  shaft  sunk  to  No.  2  seam,  midway  between  No.  1  and 
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No.  2  slopes,  both  of  which  are  being  driven  towards  it.  When 
underground  connections  are  made,  this  shaft  will  drain  the  other 
two  mines.  This  will  be  an  important  work.  Good  machinery  is 
being  placed  in  position  for  hoisting  coal  and  pumping  the  water  that 
may  accumulate  in  all  three  mines.  The  shaft  measures  10  by  IS 
feet,  and  will  be  fitted  up  with  an  automatic  hoist,  built  by  the  Crane 
Elevator  Company.  The  mine  will  be  in  charge  of  Mr.  Andrew 
Bryson.  The  same  power  that  operates  the  shaft  will  draw  water 
from  the  creek  near  by,  and  force  it  up  into  a  large  tank  on  the  hill- 
side, 50  feet  above  the  coke-ovens.  The  pump  for  this  purpose  has 
a  capacity  of  5000  gallons  per  minute,  guaranteeing  abundance  of 
water  for  the  coke-plant. 

The  following  analyses  show  the  composition  of  the  coal  from  each 
bed ;  No.  1  having  been  analyzed  by  J.  B.  Porter  &  Co.,  of  Cincin- 
nati, and  No.  2  by  Mr.  E.  Nichols  : 

No.  1.  No.  2. 

Ael), 3.20  2.41 

Fixed  carbon, 55.76  60.75 

Volatile  matter, 41.04  34.12 

100.00 

Sulphur,  . 1.01  .48 

Water, 2.24 

100.00 

The  specific  gravity  of  No.  1  coal  is  1.27. 

The  thickness  of  No.  1  bed  is  3  feet  6  inches,  and  of  No  2  bed,  6 
feet.  The  character  of  the  coal  is  hard  bituminous,  and  it  is  particu- 
larly adapted  for  steam,  gas  and  domestic  uses. 

The  product  of  the  mines  is  shipped  to  local  points  in  Alabama, 
to  Louisiana  and  to  Texas. 

The  Southern  Pacific  Railroad  Company  takes  20,  and  the  Queen 
and  Crescent  Line  18  cars  daily.  The  present  openings,  when  all 
are  in  full  operation,  have  a  capacity  for  about  2500  tons  daily. 
The  coke-ovens,  of  which  300  are  being  built,  about  half  a  mile 
from  the  mines,  will  be  charged  with  the  screenings  from  the  No.  2 
seam  and  coal  from  the  No.  9  seam.  The  Thomas  furnace  coke- 
plant,  of  150  ovens,  near  Ensley  City,  will  be  supplied  with  coal 
from  these  mines. 

At  the  present  time,  March  1st,  1888,  800  men  are  employed  In 
and  about  these  mines  and  on  construction-work. 

The  Saint  Clair  Coal  Company,  which  is  at  Ragland,  is  at  present 
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the  larji^est  coal  operator  in  Saint  Clair  County.  During  1887,  its 
production  reached  52,141  tons  of  coal,  of  which  15,047  tons  were 
consumed  in  the  manufacture  of  coke. 

The  coal-bed  here  is  3  feet  thick,  and  the  coal  is  adapted  for 
steam,  coke,  gas,  forge  and  domestic  purposes.  The  company  em- 
ploys from  40  to  65  men,  and  in  1887  the  mines  were  worked  275 
days,  the  product,  excepting  that  portion  made  into  coke,  being 
shipped  principally  to  Atlanta  and  Rome,  Georgia;  and  to  Annis- 
ton,  Alabama. 

The  Wolf  Creek  Coal  Company's  mines  are  located  at  Corona,  in 
Walker  County.  These  mines  were  operated  during  January,  1887, 
but  were  idle  the  remainder  of  the  year;  the  total  production  was 
only  530  tons.  The  coal-bed  shows  a  thickness  of  3  feet  6  inches, 
and  the  coal  is  adapted  for  domestic,  steam  and  gas  purposes.  An 
analysis  shows  the  following  composition  : 

Ash, 1.903 

Fixed  carbon 58.611 

Volatile  matter, 37.735 

Sulphur, 1.953 

100.402 

Per  cent,  of  coke, 60.714 

Specific  gravity, 1.317 

The  company  employs  24  men,  and  the  coal  is  shipped  to  Mem- 
phis, Mobile  and  New  Orleans. 

The  mine  of  the  O'Brien  Coal  Company  is  located  on  Wolf 
Creek,  1  mile  west  of  Corona.  The  bed  becomes  a  little  thinner 
than  it  is  at  Corona  and  Patton  to  the  east.  It,  however,  still 
averages  nearly  4  feet  thick.  The  mine  is  opened  by  a  slope  100 
feet  in  length.  During  1887,  10,500  tons  of  coal  were  mined,  the 
mines  being  idle  5  months  on  account  of  strikes.  About  45  men 
were  employed  on  the  average,  and  the  entire  product  of  the  mines 
was  shipped  to  New  Orleans,  Mobile,  Memphis  and  Montgomery 
for  steam,  gas  and  domestic  purposes. 

The  Virginia  and  Alabama  Mining  and  Manufacturing  Company 
is  at  present  the  largest  operator  in  Walker  County.  It  owns  six 
mines  in  the  vicinity  of  Corona,  all  located  on  the  Georgia  Pacific 
Railway  ;  three  of  the  mines  are  operated  by  the  Company,  and  the 
remainder  are  leased  to  other  parties. 

The  Patton  mine  is  located  three-quarters  of  a  mile  back  from 
Patton  station,  1  mile  east  of  Corona.     The  mine  is  opened  by  a 
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drift  in  the  Corona  coal-bed,  which  here  varies  from  3  feet  8  inches, 
to  4  feet  4  inches  in  thickness,  and  contains  a  slate  parting  |^  to  1 J 
inches  thick.  This  mine  employs  130  men,  and  but  for  the  general 
strike,  which  occurred  in  this  district  on  February  1st,  1887,  and 
lasted  5  months,  the  output  would  have  doubtless  been  nearly 
doubled.  The  Coal  Valley  mines,  Xos.  6  and  7,  are  located  2 
miles  back  from  Day's  Gap  station,  5  miles  east  of  Patton.  There 
are  also  drift-openings  on  the  same  seam  as  at  Patton,  the  thick- 
ness being  also  about  the  same,  averaging  over  4  feet.  This  coal  is 
shipped,  run  of  mine,  for  steam  purposes.  The  coal-bed  through 
both  these  mines  lies  nearly  level,  and  no  faults  of  any  kind  have 
been  encountered.  Mr.  David  Kirkwood,  formerly  of  the  Corona 
mine,  has  charge  of  the  underground  work,  employing  85  men. 

The  Coal  Valley  mines,  Nos.  4  and  5,  are  operated  by  Donaldson 
&  Co.  Their  mines  are  leased  from  the  Virginia  and  Alabama 
Mining  and  Manufacturing  Company,  and  are  being  worked  in  the 
Corona  seam.     About  160  tons  are  shipped  daily,  employing  50  men. 

The  Day's  Gap  mine,  also  leased  from  this  Company,  is  operated 
by  Norwell  &  Co.  They  ship  run  of  mine  coal,  employing  26  men, 
putting  out  60  to  70  tons  daily. 

The  coal  from  the  Corona  bed  in  this  Company's  mines  is  par- 
ticularly adapted  for  domestic  and  steam  purposes,  but  is  also  used 
for  the  manufacture  of  gas.     An  analysis  shows  as  follows  : 

Ash, 7.36 

Fixed  carbon, 50.69 

Volatile  matter 41.12 

Water, 0.83 

100.00 

Sulphur, 0.42 

Specific  gravity,        .        .         .        .1.32 

This  coal  is  shipped,  principally  for  domestic  and  steam  purposes, 
to  Atlanta,  Birmingham,  Vicksburg,  Memphis,  New  Orleans, 
Shreveport  and  points  in  Texas ;  also  to  various  railway  lines,  as 
the  Maryland  and  Ohio  railroad,  Georgia  Pacific  railway.  Southern 
Pacific  railway  and  Texas  and  Pacific  railway. 

The  Deer  Creek  mines  of  the  Black  Diamond  Coal  Company  are 
located  at  Patton  Junction,  in  Walker  County.  These  mines  were 
operated  during  the  early  part  of  the  year,  by  Turner,  Morris  &  Co. 
who  produced  3000  tons  of  coal.  The  Black  Diamond  Coal  Com- 
pany after  taking  charge  of  the  mines  produced  9500  tons,  making 
the  total  production  for  the  year  12,500  tons;  the  coal-bed  worked 
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at  the  Deer  Creek  mine  averages  about  4  feet  6  inches  in  thickness 
and  underlies  several  squares  miles  of  territory.  The  coal  is  used 
for  steam  and  domestic  j)urposes;  the  following  analysis  will  show 
its  character : 

Ash, 6.00 

Fixed  carbon, 68.34 

Volatile  matter, 22.15 

Sulphur, 1.85 

Water, 1.66 

Total, 100.00 

The  mines  were  only  run  on  half  time  during  the  year,  fifty  men 
are  employed  at  the  mines;  the  wages  earned  by  the  miners  average 
^2.50  per  day,  and  day  hands  earned  $1.25  to  $1.50.  Shipments 
were  made  to  New  Orleans,  Mobile,  Birmingham,  Atlanta  and  other 
points  in  the  South.  The  average  price  of  the  coal  delivered  on  cars 
at  the  mines  during  1887  was  $1.25. 

Among  the  newer  companies  that  have  been  organized  in  Walker 
County,  the  Corona  Coal  and  Coke  Company  is  probably  the  most 
important.  This  Company  is  operating  one  of  the  largest  mines  yet 
opened  in  Walker  County,  at  Corona  station,  55  miles  west  of 
Birmingham,  on  the  Georgia  Pacific  railroad.  It  owns  some  1000 
acres  of  coal  property  in  the  neighborhood,  and  has  made  a  double 
drift-opening  into  what  has  become  known  as  the  Corona  bed,  which 
averages  about  4  feet  thick,  although  in  parts  of  the  workings  only 
3  feet  8  to  10  inches  is  found.  The  coal  is  of  fine  quality  for 
steam  and  domestic  purposes.  It  is  a  hard  splint-coal  and  stands 
handling  well,  and  can  be  conveniently  stocked  in  yards  during  the 
dull  summer  months  for  winter  use,  thus  enabling  all  the  companies 
operating  in  this  bed  to  run  steadily  during  the  summer  months, 
getting  advantage  of  summer  freight-rates.  Its  qualities  as  a  cok- 
ing coal  have  not  yet  been  satisfactorily  established.  The  coal  lies 
very  flat  in  the  hill,  giving  a  level  haul  to  the  mouth  of  the  mine. 
No  fault  of  any  kind  has  been  encountered  in  the  bed,  thus  enabling 
economical  work  to  be  done.  The  present  capacity  is  about  400 
tons  daily,  which  can  be  increased  on  short  notice.  An  addition  has 
recently  been  built  to  the  tipple  to  permit  coaling  of  engines  on  the 
road.     At  present,  February  20th,  1888,  125  men  are  employed. 

Another  new  operation  in  this  county  is  the  Kansas  City  Coal 
and  Coke  Company,  whose  Carbon  Hill  mine  is  located  at  Carbon 
Hill,  in  Section  25,  Township  13,  S.  Range  10  W.,  Walker  County. 
Active  operations  were  begun  in  December,  1887,  and  2000  tons 
were  shipped  during  the  month.     This  mine  is  opened  by  a  shaft  62 
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feet  deep  to  the  bottom  of  the  coal-bed,  and  Is  equipped  with  hoist- 
ing machinery  with  a  capacity  of  50  tons  per  hour.  The  estimated 
working  capacity  of  the  mines  is  about  400  tons  per  day.  The  coal- 
bed  worked  is  the  Jagger  bed,  4  feet  8  inches  thick,  with  a  seam  of 
slate  6  inches  in  thickness  and  8  inches  from  the  top  of  the  bed. 
The  coal-bed  is  said  to  underlie  an  area  20  miles  in  length  by  3  miles 
in  width.*  This  Jagger  coal  is  claimed  to  be  the  best  coal  in  the 
State  for  steam  and  grate  purposes.  At  present  three-fourths  of 
the  production  is  consumed  by  the  locomotives  of  the  Kansas  City, 
Memphis  and  Birmingham  railroad,  on  the  line  of  which  the  mine 
is  situated,  the  remaining  one-fourth  being  shipped  to  Memphis  for 
domestic  uses.  The  mine  employs  75  regular  miners,  and  works 
regularly  every  working-day  on  10-hour  shift. 

In  the  vicinity  of  Tuscaloosa,  in  Tuscaloosa  County,  a  number  of 
small  operators  have  been  working  mines  for  some  years,  supplying 
the  local  demand  at  the  city  of  Tuscaloosa.  The  most  important  of 
these  mines  is  that  of  A.  Durie,  located  2  miles  from  the  city,  which 
produced  during  1887  a  total  of  3500  tons.  Other  small  mines  in 
this  vicinity  produced  1750  tons  more.  The  Alabama  Insane  Hos- 
pital, at  Tuscaloosa,  also  operates  a  small  mine  for  the  supply  of 
fuel  for  the  hospital.  This  mine  is  located  2  miles  north  of  Tusca- 
loosa, on  the  Warrior  River,  producing  during  1887  about  3000 
tons  of  coal,  which  was  all  consumed  at  the  hospital.  The  bed  is  2 
feet  thick  and  is  said  to  furnish  a  good  gas  coal.  Tests  show  a  yield 
of  gas  of  4  cubic  feet  per  pound  of  coal.  This  mine  was  worked 
steadily  throughout  the  year,  about  4  men  being  employed. 

The  most  important  coal  operation  in  Shelby  County  is  that  of 
the  j\Iontevallo  Coal  and  Iron  Company,  located  at  Aldrich. 
During  1887  this  company  produced  36,355  tons  of  coal,  all  of 
which  was  shipped  to  points  in  Alabama,  Georgia,  Mississippi  and 
Louisiana  for  domestic  purposes.  The  coal-bed  here  averages  about 
2  feet  thick,  and  the  coal  is  particularly  adapted  for  burning  in 
grates  as  a  house  coal.  The  mines  were  operated  260  days  in  1887, 
and  75  miners  were  employed  in  them. 

The  wages  paid  to  miners,  and  the  price  at  which  coal  is  sold  at 
the  different  mines  in  the  State,  vary  according  to  local  conditions, 
probably  more  so  than  in  any  of  the  States  producing  coal  from  the 
Appalachian  coal-field.  A  number  of  interesting  statistics,  show- 
ing averages  by  counties,  is  exhibited  in  the  following  table : 

*  The  Jagger  seam  is  probably  the  same  as  the  New  Castle,  and  therefore  its 
area  is  very  much  greater  than  above  given. 
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Avei'oge  Wages,  Days  Worked  and  Price  by  Counties  in  1887. 


Counties. 

Average  wages  of  miners 
per  ton  of  coal  mined. 

Average  selling  price 
of  coal  at  mines. 

Average  num- 
ber of 
days  worked. 

Jefferson 

Lump. 

.     $0.70 
.70 

.72J 
.87^ 
1.00 

Run  of  Mine 

$0.50 
.55 
.40 
.55 

Lump. 

$1.20 
1.50 

"i'.35 

'2.56 

Run  of  Mine 

$ 

T.15 

244 
250 
275 
161 
310 
260 

Bibb 

St.  Clair 

Walker 

Tuscaloosa 

Shelbv 

Average  for  State 

.71 

.51 

$1,274 

250 

Statistics  have  recently  been  collected  by  the  Birmingham  Age 
which  exhibit  the  present  and  prospective  furnace  consumption  of 
coal  in  the  Birmingham  district,  also  the-present  capacity  of  a  num- 
ber of  coal-mines  now  being  operated,  and  of  others  being  opened, 
and  the  coal-acreage  which  is  controlled  by  a  number  of  the  larger 
companies.     I  am  indebted  to  the  Age  for  the  following  facts: 

The  furnaces  given  in  the  following  table,  showing  the  consump- 
tion of  coal,  are  those  already  in  blast  or  in  course  of  construction. 
Several  projected  furnaces  and  other  industrial  establishments,  which 
will  undoubtedly  be  built,  are  not  included  in  the  list: 

Local  Consumption. 

Furnaces.  Tons  of  Coal  con- 

sumed Daily. 

Mary  Pratt,  1, 180 

Kolling  Mills, 200 

Alice  and  Ensley,  6, 2,600 

Sloss,  4 1,200 

Williamson,  1, 200 

p:ureka,  2, .        .         .  600 

Thoniiis,  1, '  .         .         .         .  300 

Woodward,  4, 600 

Bessemer,  2, 1 ,200 

Trussville,  1, 300 

Edwards,  1, 150 

Gadsden,  2, 500 

Sheffield,  5 1,500 

Anni8ton,2, 600 

Total  for  furnaces 10,130 

Railroads, 1,500 

Commercial  purposes, 3,000 

Mechanical       "             1,500 

Total, 16,130 
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To  supply  this  demand,  the  following  mines  are  in  operation. 
The  capacity  of  the  mines  is  given,  and  it  must  be  remembered  that 
the  average  output  (daily)  will  fall  below  the  maximum  capacity  of 
the  mine : 

Mines.  Capacity,  Tons. 

Pratt, 3,000 

Blocton, ;        .         .  600 

Henry-Ellen, 800 

Coalburg 600 

Newcastle, 200 

Mines  at  Warrior, 400 

Montevallo 200 

Other  mines  in  the  Warrior  field, 1,000 

Total  present  capacity,       ....     6,800 

The  following  mines  now  being  opened  will  increase  the  output 

as  follows  : 

Tons. 

Eureka, 500 

Blocton, 1,400 

Woodward,        ..........  300 

De  Bardeleben's  Blue  Creek, 500 

Alabama  Connellsville, 200 

Total  prospective, 2,900 

The  opening  of  the  new  mines,  as  given  above,  will  make  a  grand 
total  daily  output  of  coal  in  the  Warrior  and  Cahaba  fields  of  9700 
tons. 

The  present  and  prospective  local  consumption  of  coal  is  shown 
by  the  tables  above  to  be  16,130  tons.  The  shortage  in  supply  is, 
therefore,  6430  tons  per  day.  To  supply  this  shortage  there  is  an 
urgent  demand  for  the  opening  of  more  coal  mines.  Of  the  vast 
body  of  coal-lands  in  Alabama,  1,000,000  acres  still  belong  to  the 
government  and  are  open  to  homestead  entry.  The  bulk  of  the 
public  mineral  lands  lie  in  the  Warrior  coal-fields.  The  coal  com- 
panies now  operating  in  Alabama  own  the  following  amount  of  coal 
lands : 

Acres. 

Pratt  Company  owns, 75,000 

Blocton  Company  owns,           .......  30,000 

Henry-Ellen  Company  owns,           ......  16,000 

Coalburg  Company  owns,        .....••  15,000 

Milner  Company  owns,  ........  5,000 

Companies  at  Warrior  own, 16,000 

Carried  forward, 157,000 
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Acres. 

Brouglit  forwanl, 157,000 

Eureka  Ckmipany  owns,  ..,..,..     10,000 

Woodward  Company  owns, 15,000 

De  Bardeleben  Company  owns, 20,000 

Samuel  Thomas  Company  owns, 3,000 

Montevallo  Company  owns,     .......       5,000 

Alal)ama  Connellsville  Company  own.s,  .....       3,000 

Other  companies, 20,000 

Total, 233,000 

The  De  Bardeleben  Coal  and  Iron  Company's  lands  noted  above 
are  located  in  the  vicinity  of  Bessemer,  in  Jefferson  County,  and 
their  operations  at  the  Blue  Creek  mines  and  elsewhere  bid  fair  to 
be  almost  as  extensive  as  those  of  the  Tennessee  Coal,  Iron  and 
Railroad  Company. 

Their  first  half-dozen  openings  were  unfortunately  located  and 
have  been  abandoned,  but  others  have  been  successfully  driven — 
one  to  a  distance  of  1200  feet,  promising  some  500  tons  of  coal  a  day 
by  the  last  of  March,  when  it  is  expected  one  of  the  company's  two 
furnaces  will  be  ready  to  go  into  blast.  During  the  latter  part  of  the 
year  a  slope  was  being  sunk,  but  had  not  been  completed  up  to  Janu- 
ary 1st.  The  company  proposes  to  consume  the  entire  ou(i)ut  of  their 
mines,  which  it  is  estimated  will  range  from  2000  to  3000  tons  per 
day,  inside  of  12  months,  at  the  furnaces  located  at  Bessemer. 

The  average  thickness  of  the  bed  is  7  feet,  and  the  company  re- 
ported that  the  area  underlain  by  workable  coal  is  8  miles  long  by 
about  2|  miles  wide. 

The  following  are  analyses  made  by  Mr.  A.  F.  Brainerd  of  coke 
made  from  the  company's  coals : 

No.  1.  No.  2. 

Ash, 10.490  6.200 

Fixed  carbon, 85.776  92.327 

Volatile  matter 3.040  .400 

Sulphur, 544  .823 

Water, .150  .250 

100.000        100.000 

No.  1  coke  was  made  from  outcrop-coal,  while  No.  2  was  made 
from  coal  mined  under  a  good  solid  roof  and  is  considered  a  more 
representative  specimen.  This  Company  has  under  way  the  con- 
struction of  150  coke  ovens  and  will  build  as  many  more  when  these 
are  completed. 

All  of  the  above  developments  are  being  made  within  20  miles  of 
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Birmingham.  About  twice  as  far  away,  in  the  untouched  field  of 
Murphree's  Valley,  which  is  very  rich  in  botii  coal  and  iron,  there 
are  being  located  a  number  of  mines  with  a  view  to  very  extensive 
operations. 

The  Bessemer  Coal  and  Coke  Company,  made  up  largely  of  the 
same  people  as  the  De  Bardeleben  Company,  are  opening  7  drifts  on 
Coal  Creek,  near  Parksville,  on  the  Kansas  City,  Memphis  and  Bir- 
mingham railroad,  in  Jefferson  County,  some  25  miles  from  Bir- 
mingham. These  openings  are  being  made  in  the  Pratt  seam,  and 
it  is  expected  that  coal  shipments  will  be  begun  in  June,  1888,  at 
the  rate  of  800  to  1000  tons  daily.  The  mining  engineers  of  the 
two  companies  say  that  in  two  years,  according  to  their  present  plans, 
they  will  be  able  to  take  out  5000  tons  daily.  It  is  expected  to  send 
all  this  coal  to  Bessemer  and  Sheffield  for  local  and  furnace-con- 
sumption. 

An  analysis  made  by  Mr.  A.  F.  Brainerd  of  12  tons  of  the  com- 
pany's coke  shows  the  following  composition  : 

Ash, 10.545 

Fixed  carbon, 87.299 

Volatile  matter, 803 

Sulphur, 1.195 

Water, 157 

100.000 

The  Alabama  Connellsville  Coal  and  Coke  Company,  a  new 
concern,  neighbor  to  the  De  Bardeleben  Company,  will  be  able  to 
mine  500  tons  a  year  from  now  if  its  present  projects  turn  out  fairly. 
Its  coal-bed  is  reported  to  be,  in  places,  11  feet  thick  and  has  but  1 
parting.  The  dip,  however,  is  such  as  to  make  mining  more  diffi- 
cult than  el.sewhere  in  the  district.  It  is  reported  that  a  consider- 
able coal  property  will  be  developed,  during  the  year,  in  the  West 
Warrior  field,  mainly  in  Walker  County,  but  how  this  will  affect  the 
iron  industry  is  as  yet  largely  a  matter  of  conjecture,  no  satisfactory 
smelting  coke  having  been  made  from  any  of  the  coals  of  this  region. 

The  Eureka  Company  has  bought  the  Helena  property  of  the 
Tennessee  Coal,  Iron  and  Railroad  Company,  and  will  erect  100 
ovens.  The  Cahaba  Coal  and  Mining  Company,  which,  like  the 
Eureka  Company,  is  operating  in  the  Cahaba  field,  has  made  a  be- 
ginning on  400  ovens,  mainly  to  supply  the  Woodstock  furnaces, 
in  and  near  Anniston,  and  the  Pioneer  furnace  near  Birmingham. 

The  Woodstock  Coal  and  Iron  Company  recently  bought  an  in- 
voL.  xvn. — 15 
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terest  in  tlie  Caliaba  concern.  Tlie  Pioneer  Manufacturing  Com- 
pany's contract  runs  for  only  one  year  from  tiie  completion  of  their 
furnace,  after  which  period  it  is  expected  that  it  will  mine  its  own 
fuel  somewhere  on  its  extensive  coal-property. 

The  Sheffield  people  seem  to  believe  in  the  qualities  of  the  AVest 
Warrior  coal  for  iron-niakin»i;.  The  Alabama  and  Tennessee  Coal 
and  Iron  Company  has  broken  ground  for  300  coke  ovens  at  Jas- 
per, Walker  County.  Several  coal  operators  in  thesame county  have 
contributed  to  build  6  ex[)eri mental  ovens  at  the  same  place,  after 
the  patent  of  Mr.  Koener,  who  is  superintending  the  construction, 
and  on  the  general  plan  of  the  Coppee  oven. 

The  Tuscaloosa  Coal,  Iron  and  Land  Company  is  making  exten- 
sive ex|)lorations  in  the  vicinity  of  Tuscaloosa. 

During  the  year  much  has  been  said  relative  to  the  Huntington 
Inter-oceanic  railway  enterprise,  which  proposes  a  southern  outlet 
for  the  coal  and  other  products  of  the  Mississippi  Valley.  ]>irmiug- 
ham  coal  is  delivered  in  Mobile  and  along  the  coast  of  the  Gulf  of 
Mexico,  at  $1.37i^  per  ton,  and  may  be  delivered  in  barges  at  any 
port  on  the  Bay  of  Honduras  at  $2  50  to  §3  a  ton.  English  coal  is 
sold  annually,  to  the  amount  of  about  $50,000,000,  at  from  $8  to 
$12  a  ton,  in  ports  on  the  Gulf  of  Mexico,  and  to  the  islands  and 
neighboring  coasts  of  the  three  Americas  and  Australia;  and  English 
coal  and  iron  are  supplied  to  steamers  and  railways  along  the  whole 
Pacific  coast,  from  San  Francisco  to  Cape  Horn.  The  cost  to  con- 
sumers is  enormous,  but  it  would  be  cut  down  to  about  one-third  the 
present  rate  if  enterprises  of  United  States  citizens  in  Central  and 
South  America  were  fostered  and  encouraged  by  the  Government  of 
the  United  States. 


STEEL  BAILS,  AND  SPECIFICATIONS  FOB  THEIB 
MANUFACTUBE. 

BT   EGBERT  W.   HUNT,   CHICAGG,   ILL. 

(Buffalo  Meeting,  October,  1888.) 

Having  had  some  twenty  years'  experience  in  irying  to  make 
good  Bessemer  steel  rails,  and  now  devoting  my  thoughts  and 
energies  to  seeing  that  other  people  seek  the  same  end,  I  venture  to 
lay  before  the  Institute  some  of  the  conclusions  deduced  from  my 
practice  and  observation. 
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Those  who  know  only  the  Bessemer  manufacture  of  to-day,  cannot 
appreciate  the  many  changes  which  have  taken  place  in  steel-rail 
making.  The  first  steel  rails  used  in  the  United  States  were  im- 
ported by  the  Pennsylvania  Railroad  Company  from  England.  The 
first  rolled  in  this  countrv  were  made  at  the  North  Chicago  rollino-- 
mill  from  steel  made  at  Wyandotte,  ]\Iieh.,  on  May  24th  and  25th, 
1865.  But  this  was  simply  an  experimental  rolling  of  six  rails.  In 
1867,  some  tons  were  rolled  in  the  Spuyten  Duyvil,  N.  Y.,  rolling- 
mill,  from  steel  made  at  Troy,  X.  Y.  But  it  was  not  until  August, 
1867,  when  the  Cambria  Iron  Company,  of  Johnstown,  Pa.,  arranged 
with  the  Pennsylvania  Steel  Company,  of  Harrisburg,  Pa.,  to  roll 
the  steel  of  the  latter  into  rails — the  rail-mill  at  Harrisburg  not  being 
completed — that  the  making  of  Bessemer  rails  in  America  was  put 
upon  a  commercial  basis. 

It  was  my  fortune  to  have  charge  of  the  steel  department  of  the 
Cambria  Iron  Company  at  that  time;  and,  having  been  ever  since 
engaged  in  rail-making,  I  know  the  accepted  practices  of  the  busi- 
ness from  that  period,  the  difficulties  encountered  and  the  measures 
adopted  to  avoid  or  overcome  them.  The  word  Steel  then  conveyed 
a  very  definite  conception  to  the  minds  of  all  men.  The  character 
and  peculiarities  of  its  behavior  under  treatment,  either  hot  or  cold, 
were  expected  to  be  like  those  of  tool-steel,  as  that  had  been  observed 
while  under  the  mani])ulations  of  the  maker,  or  afterwards  of  the 
smith.  And  the  one  thing  most  earnestly  impressed  upon  every 
one's  mind,  and  emphasized  as  the  very  essence  of  good  workman- 
ship, was,  that  steel  would  bear  only  the  most  moderate  heat.  In 
the  converting-house,  all  the  possible  practices  of  crucible-steel  teem- 
ing were  introduced.  The  ingot-moulds  were  carefully  brushed 
out,  heated  and  smoked  before  being  used.  When  the  steel  was 
teemed,  all  doors  and  windows  of  the  casting-house  were  closed,  etc., 
and  time  was  not  spared  on  any  of  the  details.  This  was  the  English 
practice;  and  we  in  America  followed  it. 

At  first,  steel  rails  were  rolled  in  mills  which  had  been  designed 
for  iron  rails.  Other  rolls  were  used,  and  the  number  of  passes  was 
increased,  making  the  reductions  very  gradual.  But  even  with 
these  easy  reductions,  at  the  low  temperature  at  which  the  metal  was 
worked,  and  with  the  weak  machinery,  breakdowns  were  distress- 
ingly frequent.  In  May,  186.S,  A.  L.  Holley,  who  then  had  charge 
of  the  Pennsylvania  Steel  Works,  completed  and  started  that  com- 
pany's steel-rail  mill — the  first  mill  in  America  especially  designed 
for  that  work.     In  designing  this,  Mr.  Holley  accepted  the  21-inch 
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Cambria  mill  as  affording  the  best  type  (»f  the  Fritz  three-high 
mill,  and,  while  increasing  the  diameter  of  the  rolls  and  other- 
wise strengthening  its  parts,  largely  followed  it,  even  to  the  general 
plans. 

llixt  steel  rails  were  not  immediately  aeeepte«l  as  the  rails  of  the 
future.  For  a  long  time  the  two  leading  English  engineering  ])apers, 
The  Engineer  and  Engineering,  carried  on  a  controversy  over  the 
merits  of  iron  vei'sus  steel  rails.  And  the  rail  road- people  suggested, 
early  in  the  day,  that  if  steel  rails  were  to  be  adopted,  they  must  be 
obtainable  at  a  low  price.  But  we  could  not  keep  on  breaking 
cou])ling-boxes,  rolls,  housings  and  engines,  and  give  our  friends 
chca|)er  rails,  and  at  the  same  time  make  money  for  our  comjianies. 
Ko  one  dreamed  that  the  business  would,  in  the  smallest  degree, 
aiipioath  what  it  has  since  reached.  Had  an  engineer  proposed 
making  the  nece-sary  outlay  (even  had  he  known  how)  to  build  a 
mill  which  would  have  safely  handled  the  metal  as  then  treated,  he 
would  not  only  have  been  denied  the  money,  but  the  services  of 
some  safer  man  would  have  been  sought  by  his  prudent  and  wise 
directors.  To  name  $600,000  as  the  cost  of  a  rail-mill  would  have 
endangered  an  engineer's  personal  liberty.  So,  one  day,  some  bold 
fellow  queried,  "Can't  we  get  the  stuff  a  little  hotter?"  It  was 
tried,  and  a  little,  after  a  while,  became  a  good  deal ;  and  that, 
hotter  still,  until  many  tons  of  blooms  have  been  drawn  from  the 
heating-furnaces  with  the  cinder  running  off  them. 

In  the  early  days,  all  blooms  were  allowed  to  cool  and  were  care- 
fully cold-chipped  before  being  cliarged  into  the  re-heating  furnaces. 
After  the  drawing  of  one  heat,  and  before  the  charging  of  another, 
the  doors  of  the  furnace  were  always  raised  and  the  furnace  cooled 
down.  Then  the  heat  was  brought  up  very  gradually  and  plenty 
of  time  was  taken  to  allow  the  steel  to  "soak."  It  was  expected  to 
produce  but  50  per  cent,  as  many  steel  as  iron  rails,  and  all  en)ployees 
working  by  the  ton  were  paid  twice  as  much  tor  steel  as  for  iron. 
But  the  railroads  wanted  cheaper  rails,  and  more  Bessemer  rail-mills 
had  been  built  and  were  building.  They  were  all  looking  for  work 
and  were  desirous  of  meeting  the  views  of  their  friends,  the  con- 
sumers. The  Bessemer  managers  were  not  asked  if  they  could, 
but  were  told:  "You  must  manage  to  lessen  your  costs  and,  by 
all  means,  get  out  more  product."  Truth  com[)eIs  me  to  say  that 
they  did  not  need  much  urging  on  this  last  point.  And  as  the  cer- 
tainty became  manifest  that  steel  rails  had  come  to  stay,  they  were 
permitted  to  alter,  add  to  and  strengthen  their  plants. 
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Well,  the  rush  was  kept  up,  slacking  when  dull  seasons  came,  to 
be  renewed  with  redoubled  vigor  M'hen  the  tide  again  set  in. 
Change  followed  change,  in  rapid  succession,  in  the  details  of  the 
manufacture  at  all  its  stages.  No  doubt  many  of  the  earlier  prac- 
tices of  both  the  converting-house  and  the  rolling-mill  were  carried 
too  far;  and  some  of  them  were  utterly  without  use. 

In  1876,  I  had  the  honor  of  presenting  to  the  Institute  "A  His- 
tory of  the  Bessemer  Manufacture  in  America"  ( 7 mw.s ,  v.,  201). 
In  it,  I  endeavored  to  tell  tersely  of  the  rapid  changes  which  had 
occurred  in  the  art  up  to  that  time.  It  is  not  necess^ary  to  repeat 
them  ;  suffice  it  to  say  again  that  in  all  its  branches  they  came  very 
rapidly  and  have  not  yet  ceased. 

Remember,  during  all  this  time  the  makers  have  been  trying  to 
make  good  rails,  harassed  beyond  measure  with  complaints  and 
seeking  most  earnestly  to  obviate  them.  But  let  the  complaint  be 
never  so  loud,  the  seller  offering  rails  at  25  cents  per  ton  less 
would,  as  a  rule,  take  the  order. 

Such  has  been  the  history  of  the  business. 

When  steel  rails  were  first  put  down,  the  railroad-traffic  had  in- 
creased to  so  great  an  extent  and  the  quality  of  iron  rails  had  so 
fallen  off,  that  it  was  impossible  for  the  roads  to  keep  up  their 
tracks.  The  results  from  the  first  steel  rails  were  so  wonderful  that, 
as  a  rule,  no  very  careful  records  of  their  wear  were  kej)t.  After  a 
time  this  was  changed;  but  by  that  time  the  "lame  ducks"  had 
been  eliminated,  and  we  had  "the  survival  of  the  fittest."  The 
poorest  steel  rails  had  yielded  results  so  much  beyond  those  obtained 
from  iron  rails,  that  their  failure  had  not  caused  much  comment. 
But  when  the  record-period  was  reached,  every  failure  caused  a  shock 
of  horror;  and  the  question  was  asked  :  "  Why  can't  you  make  rails 
like  the  early  ones?" 

While  claiming  that  injustice  has  been  done  to  later  rails,  I 
acknowledge  at  the  same  time  that  many  of  them  have  not  been  as 
good  as  the  best  of  the  earlier  ones. 

I  have  candidly  admitted  some  of  the  changes  on  the  part  of  the 
makers.     How  has  it  been  on  the  part  of  the  consumers? 

The  weight  of  engines  and  cars,  speed  of  trains  and  amount  of 
traffic  have  been  increased.     How  much? 

The  railroad-engineers  and  managers  have  been  spurred  on  by 
the  same  character  of  questions  as  their  brethren  of  the  Bessemer 
faith.     "  Can't  you   give  us  cheaper  service  and  greater  tonnage?" 

They  also  have  answered,  every  time,  "  Yes." 
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If  rails  costing  $30.00  jmm-  ton  do  not  last  as  lonji;  as  those  which 
cost  $125.00,  and  hear  at  the  same  time  many  times  as  great  an 
annual  tonnage,  iiow  great  is  the  proportionate  loss  to  the  })ur- 
chaser  ? 

Bnt  no  one  desires  to  tnrn  backward.  The  rail-makers  do  not 
uant  to  confine  their  mill  to  a  boasted  "animal  ca|)acity  of  30,000 
tons."  Neither  do  the  railroad  managers  long  for  light  engines, 
small  cars  and  scanty  traffic.  The  conntry  has  grown.  The  world 
moves.  Retrogression  is  impossible.  The  conditions  being  as  they 
are,  the  duty  of  all  parties  is  to  work  in  harmony,  and,  drawing  con- 
clusions from  the  experiences  of  the  past,  seek  to  produce  rails  which 
will  yield  fair  service  under  the  present  requirements,  without  greatly 
increasing  their  cost. 

The  first  duty  falls  upon  the  railroad-engineer  in  designing  his 
section.  If  that  is  bad,  the  steel-maker  will  be  heavily  han(licap])ed 
in  trying  to  furnish  a  satisfactory  rail.  I  suppose  it  is  hopeless  to 
expect  the  adoption  of  standard  sections.  We  are  seemingly  no 
nearer  it  than  when  A.  L.  Holley  read  his  admiral)le  pa|)er  on  that 
subject  at  the  Philadelphia  meeting  of  the  Institute  in  1881  [Trans., 
ix.,  360).  I  will  not,  therefore,  at  this  time,  venture  to  submit  any 
designs.  I  will  leave  that  duty  to  some  one  with  the  bright  hopes 
of  youth  imprinted  upon  his  brow.  But  I  will  say  that  I  am  fully 
convinced  that  great  mistakes  have  been  made  in  the  designs  of  the 
heavier  sections,  and  believe  that  the  unsatisfactory  results  obtained 
from  many  of  them  have  been  primarily  due  to  the  proportions  of 
the  rails.  One  of  the  most  prominent  chief  engineers  of  the  country 
said  to  me  not  long  ago,  that  he  supposed  his  road  would  lay  80- 
pound  rails  next  year,  but  he  was  at  a  loss  what  section  to  adopt; 
for  if  the  80s  gave  as  much  poorer  service  as  compared  with  their 
65s,  as  the  latter  had  done  in  comparison  with  their  old  60s,  he 
guessed  they  would  have  to  adopt  a  90-pound  rail  for  the  following 
year.  This  states  it  broadly;  but  it  is  a  generally  admitted  fact 
that  the  increased  sections  have,  as  a  rule,  been  disappointing  in  their 
wear.  I  am  convinced  that  this  has  been  largely  the  fault  of  the 
sections  themselves. 

Increased  weight  of  rolling-stock,  greater  speed,  augmented  traffic, 
etc.,  demand  heavier  and  stiffer  rails.  The  exhaustive  experiments 
of  O.  Chanute,  presented  to  the  Institute  in  1881  (Trans,  ix.,  578), 
demonstrate  the  raj)id  augmentation  of  the  crushing-strains  as  the 
wheel-weight  is  increased.  He  found  that  with  "11,000  to  12,000 
pounds  weight  upon  a  locomotive  driving-wheel  of  about  five  feet 
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diameter,  the  pressures  were  generally  35,000  to  40,000  pounds  to 
tlie  square-inch,  although  tliey  occasionally  ran  much  beyond  this; 
but  with  14,000  pounds  on  a  driver,  the  pressures  became  from 
50,000  to  80,000  pounds  to  the  inch,  or  beyond  the  elastic  limit, 
even  of  steel.  Under  empty  freight-cars,  with  say  2400  pounds  on 
a  33-inch  wheel,  the  pressures  were  generally  20,000  to  30,000 
pounds  per  square  inch;  but  with  a  car  loaded  with  11  tons,  in- 
creasing the  weight  to  say  5150  pounds  per  wheel,  these  pressures 
became  about  35,000  pounds  to  the  inch  ;  while  if  the  car  was  loaded 
with  20  tous,  thus  giving  7400  pounds  to  the  wheel,  the  pressures 
increased  to  50,000  or  60,000  pounds  to  the  square  inch."  And  he 
added:  "  As  we  increase  the  weight  upon  our  cars,  therefore — and 
I  believe  this  to  be  the  correct  and  inevitable  practice — we  must  be 
prepared  to  find  our  steel  rails  wear  out  faster  than  they  hitherto 
have  done." 

But  is  increasing  the  depth  of  the  metal  in  the  heads  of  the  rails 
the  proper  way  to  meet  this  condition  of  things?  One  reason  given 
for  increasing  the  depth  of  metal  in  the  rail-head,  has  been  the  pro- 
vision of  more  metal  for  wbslv.  But  is  tiiis  economy  realized  ? 
When  a,  given  amount  has  been  worn  off,  the  rail  is  so  rough  that 
it  must  come  out  of  the  track.  English  double-headed  rails  were 
expected  to  be  turned  after  the  first  head  was  worn  out.  But  was 
it  ever  done  ? 

The  larger  the  mass  of  metal  when  finished,  the  hotter  it  will  be, 
provided  the  same  length  of  time  has  been  spent  in  putting  it  into 
shape.  And  every  steel-maker  knows  the  effect  of  cold-finishing, 
that  is,  having  the  steel  at  a  low  temperature  when  the  final  reduc- 
tions are  made.  The  smaller  the  section  rolled  on  a  given  mill,  the 
deeper  will  the  effect  of  the  compression  of  the  rolls  penetrate,  and 
the  finer  will  be  the  grain  of  the  steel. 

I  would  favor  increasing  the  width  of  the  head  more  than  its 
depth.  I  know  it  has  been  argued  that,  owing  to  the  shape  of  the 
wheel-tread,  only  a  given  amount  of  bearing  can  occur.  But  is 
this  true?  And  how  long  does  the  wheel-tread  maintain  its  original 
form? 

In  discussing  the  proper  shapes  for  rail-heads,  importance  has  been 
attached  to  the  forms  of  the  tires  which  are  to  pass  over  them.  As 
just  suggested,  at  which  stage  of  the  tire's  life  will  this  have  the 
most  effect?  One  of  the  principal  tire-makers  of  the  United  States 
tells  me  that  by  the  views  of  their  customers  they  are  compelled  to 
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keep  rolls  for  115  difForent  sections.     My  friends,  the  rail-makers, 
must  not  tiiink  tliey  have  a  monopoly  of  all  the  trouble  ! 


^__12__ 


Rail-Section  (65-lb.)  with  Deep  Head. 


-1-J 


Rail-Section  (60-lb.). 


Since  brittle  rails   must  be  avoided,  as  well  as  rapidly-wearing 
ones,  the  engineer,  when  designing  his  rail,  must  not  lose  sight  of 
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the  importance  of  distributing  his  metal  so  as  to  avoid,  as  far  as 
possible,  cooling-strains. 

As  I  have  already  said,  I  do  not  now  propose  presenting  my  ideal 
rail-section.  But  to  support  my  objection  to  deep  heads,  rolled  on 
existing  mills  in  the  ordinary  manner,  I  give  two  sections.  The 
first  (Fig.  1),  a  65-pound  rail,  is  represented  by  many  thousands  of 
tons  now  in  service,  and  has  been  represented  by  many  other  thous- 
ands of  tons,  whose  days  of  usefulness  are  over.  Not  that  these 
rails  can  be  said  to  have  failed ;  but  they  have  not  given  the  service 
expected  when  the  design  was  adopted.  The  second  section  (Fig.  2) 
is  that  of  a  60-pound  rail  which  has  been  in  the  tracks  of  one  of  the 


Fig.  3 


Fig.  4 


Rail-Sections  from  Dr.  Dudley's  Paper. 

roads  using  also  the  first  section,  for  many  years,  and  insists  upon 
remaining  there,  to  witness  the  coming  and  departure  of  the  "  big 
fellows."  I  may  be  wrong,  but  these  appearances  seem  to  be  on 
my  side.  My  conclusions  are  not  formed,  however,  from  this  single 
case.     They  are  based  upon  the  observations  of  many  years. 

In  discussing  Dr.  Dudley's  paper  [Trans,  ix.,  321),  in  1881,  I 
called  attention  to  the  fact  that  rails  of  the  closest  similarity  in 
chemical  composition  differed  widely  in  wear.  In  fact,  one  of  Dr. 
Dudley's  best  (No.  902)  and  one  of  his  poorest  rails  (No.  903)  were 
chemically  practically  the  same;  but  the  best  was  a  rail  of  round 
and  shallow  head,  the  other  a  deeper-headed  pattern.  As  these  so 
fully  sustain  my  position,  I  give  them  with  their  history. 

"No.  902  (Fig.  3),  Steel  of  1871,  was  on  high  side  of  5-degree 
curve,  north  rail,  north  track,  in  Gable's  Cut,  near  Summer  Hill.   In 
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service  from  August,  1871,  to  July,  1879 — 7  years,  II  months. 
Grade,  3i).6  feet  to  mile.     Tonnage,  40,001,230  tons." 

"  Xo.  003  (Fig.  4),  Steel  of  1876,  was  on  high  side  of  5-degree 
curve,  sDtuh  rail,  south  tracik,  west  of  Bridge  No.  1,  Summer  Hill. 
In  service  from  August,  187(5,  to  July,  1879 — 2  years,  11  months. 
Grade,  39.6  feet  to  mile.     Tonnage,  21,504,824  tons." 

Their  analyses  were  as  follows: 

No.  902.  No.  903. 

Carhon, 0.322  0.355 

Silicon, 0.026  0.029 

riiospliorns, 0.077  0.108 

Manganese,     . 0.492  0.490 

If  the  manner  of  supporting  the  joints  is  not  right,  the  rail-makers 
must  not  bear  all  the  blame  when  they  go  down.  I  think  that  most 
railway-engineers  will  unite  in  saying  that  as  yet  a  perfect  joint  has 
not  been  attained.  Some  are  much  better  than  others ;  but  as  to 
which  is  the  best,  they  are  far  from  being  in  accord.  With  so  many 
bright  minds  investigating  this  subject,  we  may  expect  the  best 
poiBsible  results  to  be  reached  in  time. 

AVe  will  assume  the  section  selected  to  be  the  best  possible;  it 
now  remains  for  the  maker  to  furnish  a  good  rail  rolled  to  it. 

The  character  of  the  permanent  way  of  the  railroads  of  the  United 
States  is  improving  each  year.  Consequently,  the  demand  that  the 
mills  shall  deliver  their  rails  well  finished  and  straight  in  all  direc- 
tions is  much  more  imperative  than  in  the  past.  Of  course,  absolute 
accuracy  in  so  gross  a  product  is  both  unnecessary  and  impossible; 
but  practical  accuracy  is  attainable. 

I  consider  it  of  the  utmost  importance  that  most  of  the  straighten- 
ing shall  be  done  while  the  rails  are  hot.  In  other  words,  the  hot- 
straightening  should  be  conducted  so  as  to  leave  the  minimum  work 
for  the  cold  press.  Every  blow  of  the  gag  is  a  bid  for  a  break. 
The  harder  the  steel  the  greater  the  danger.  Moreover,  gagging  is 
apt  to  take  out  one  bend  by  putting  in  two  others,  endeavoring  to 
have  two  wrongs  make  a  right. 

To  bring  the  breaking  danger  down  as  low  as  possible,  the  cold- 
straightening  should  be  done  before  the  rails  are  absolutely  cold. 
At  the  same  time,  if  the  rail  goes  under  the  cold-pre.ss  too  hot,  the 
steel  will  not  po.s.sess  elasticity,  and  each  blow  will  leave  a  dent; 
and  if  excessively  applied,  the  rail  will  be  either  "  wavy "  or 
"  lumpy."     Such  rails  will  of  course  make  a  rough  track. 

Some  mills,  in  taking  side-bends  out  of  their  rails,  apply  the  gag 
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to  the  flange.  I  cannot  approve  of  tliis,  and  believe  that  it  greatly 
increases  the  clanger  of  broken  rails. 

After  the  rails  are  delivered  to  the  track-man,  they  should  not  be 
carelessly  thrown  from  the  cars.  This  was  not  the  practice  with 
the  early  steel  rails. 

The  drilling  should  be  accurate;  and  if  proper  drill-presses  and 
drills  are  used,  it  can  be  made  so.  If  the  holes  are  to  be  any- 
thing from  g'rj  under  to  ^'g  over  size,  I  do  not  see  any  use  in  naming 
the  diameter  in  the  specifications. 

So  long  as  the  purchasers  of  rails  exact  a  guaranty  from  rail- 
makers,  I  think  the  chemical  composition  of  the  steel  should  be 
largely  left  with  the  latter.  But  if  the  purchaser  believes  that  car- 
bon is  the  best  hardening-element  for  steel,  it  is  not  unreasonable  to 
ask  for  as  much  as  the  maker  is  willing  to  put  in,  knowing  what 
proportions  of  other  elements  his  metal  will  contain,  and  still  guar- 
antee his  rails.  No  doubt,  as  the  sections  are  increased,  harder  steel 
can  be  safely  used. 

The  mere  replacing  of  a  broken  rail  with  a  whole  one,  may  fall 
far  short  of  the  damage  sustained  by  the  road  on  the  track  of  which 
the  accident  has  occurred — even  leaving  out  of  consideration  the 
danger  to  human  life.  Therefore  the  purchaser  has  a  right  to  insist 
upon  some  precautions  against  such  disasters.  And  these  precau- 
tions, if  correctly  taken,  are  also  in  the  interest  of  the  maker.  Steel 
rails  are  made  very  rapidly,  and  the  demands  of  the  trade  necessi- 
tate that  they  shall  be  made  very  cheaply.  The  workmen  are  paid 
by  the  piece  ;  and,  while  generally  making  good  wages,  they  must 
produce  a  large  tonnage  to  realize  them.  No  matter  how  desirous 
the  general  management  may  be  of  producing  good  work  only,  it  is 
very  necessary  that  safeguards  should  be  pi'ovided.  Most  makers 
have  these  in  some  form ;  but  there  are  mills  where  the  chances  are 
taken. 

The  tests  which  I  prefer  are  those  I  used  for  fifteen  years  at  Troy. 
My  experience  gives  me  confidence  in  them.  I  do  not  wish  to  say 
that  Troy  rails  have  never  broken  in  service;  but  such  accidents 
have  been  infrequent,  and  could  almost  always  be  traced  to  indi- 
vidual mechanical  causes. 

This  plan  of  making  tests  has  the  merit  of  furnishing  a  check  on 
the  grade  of  the  steel  early  in  its  manipulation ;  and  I  consider  it 
more  convenient  than  any  drop-test,  and  at  least  equally  efficient. 

As  may  be  generally  known,  the  Troy  works  have  for  years  made 
a  very  wide  range  of  Bessemer  steels,  from  0.05  to  1  per  cent,  of 
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carbon  ;  and  we  were  fortunate  eno\i<>;h  to  have  considerable  reputa- 
tion for  our  snccess  in  so  doinij:;.  On  the  hitjjher  f>;rades,  where  f>;reat 
accuracy  was  required,  it  was  my  practice  to  liave  a  test-ingot  takeu 
to  represent  every  15-inch  ingot  cast.  This  accomplished  two  results: 
it  made  the  workmen  careful  ;  and  it  let  us  know  of  any  variations 
which  might  occur.  I  do  not  think  this  extra  precaution  necessary 
in  making  rail-steel,  at  any  works  where  ordinarily  good  ])ractice 
prevails, — and  I  should  most  certainly  discourage  a  client  of  mine 
from  contracting  for  rails  with  others. 

As  has  been  proved  by  the  fracture  of  many  ingots,  the  metal  in 
cooling,  if  the  ingot  is  left  upright  until  the  interior  steel  sets,  will 
form  a  funnel-shaped  cavity  in  its  top-end.  But  if  the  ingot  is 
thrown  upon  its  side  before  that  metal  has  solidified,  this  cavity  will 
extend  lengthwise;  the  distance  being  limited  by  the  condition  of 
the  interior  steel.  Hence  it  is  manifest  that  ingots  should  not  leave 
an  upright  position  before  the  metal  has  set  sufficiently  to  prevent 
this  cavity  from  so  extending.  Everything  is  against  this  length- 
wise-defect being  taken  out  by  the  subsequent  rolling  of  the  ingot, 
and  it  will  most  probably  cause  "pipes"  and  "cold-shuts"  in  the 
rails;  but  it' the  cavity  is  maintained  at  the  top  end  of  the  ingot,  it 
can  be  cut  off.  Again,  if  ingots  are  drawn  too  soon  from  the  pit  and 
thrown  upon  their  sides,  there  is  danger  of  the  crust,  which  has 
formed  at  the  top-end,  breaking  and  permitting  the  interior  liquid 
steel  to  escape,  or  "  bleed."     That  will  certainly  make  a  pipe. 

It  is  from  sound  and  comjiact  ingots  only  that  we  ho})e  to  pro- 
duce good  rails.  Such  ingots  can  be  made  only  by  care  in  casting 
them.  Therefore  the  careful  steel-maker  will  not  only  use  good 
moulds,  but  also  exercise  a  close  supervision  over  the  manner  of 
pouring  the  heats.  When  from  any  cause  this  is  not  done,  or  cannot 
be  done,  the  resulting  ingot  should  not  go  into  No.  1  rails. 

Nearly  every  manufacturer  uses  somewhat  different-sized  ingots; 
and  frequently  they  vary  in  their  shape.  Of  course,  each  one  fol- 
lows the  practice  which  under  the  controlling  circumstances  seems  to 
yield  the  best  results.  It  is  well-known  that  the  same  length  of 
ingot  will  not  always  roll  equally  well.  I  have  found,  when  the 
metal  was  cracking  badly  in  the  blooming-rolls,  that  good  results 
could  be  at  once  obtained  by  pouring  the  ingot  shorter.  Of  course 
this  is  easily  explained,  and  i)oints  to  the  necessity  of  closely  watch- 
ing and  controlling  the  temperature  of  the  "  blow  "  in  the  converter. 
I  fully  believe  that  a  strong  influence  on  the  quality  of  the  resulting 
rail  rests  at  this  very  point. 


STEEL    RAILS   AND   SPECIFICATIONS    FOR    MANUFACTURE.       237 

Since  every  ingot,  if  properly  handled,  has  more  or  less  of  a  cavity  at 
its  top-end,  the  bloom  rolled  from  it  will  be  piped  or  spongy  at  that 
end.  To  be  certain  of  having  a  sound  rail  made  from  the  ui)per  part  of 
the  ingot,  a  sufficient  length  must  be  cut  off  to  remove  this  spongy 
steel.  These  pieces  need  not  necessarily  be  treated  as  scrap;  there 
being  many  purposes  for  which  they  will  answer. 

It  is  not  necessary  for  me  to  say  here  that  care  should  always  be 
exercised  in  heating  steel.  As  the  carbon  is  increased,  so  is  the 
danger.  I  believe  more  unsatisfactory  rails  can  be  traced  to  over- 
heat in  the  furnace  than  to  any  other  one  cause.  I  commend  the  paper 
of  our  fellow-member,  William  Metcalf,  on  "Steel;  its  Properties; 
its  use  in  Structures  and  in  Heavy  Guns,"  read  before  the  American 
Society  of  Civil  Engineers,  March  2d,  1887,  to  the  careful  considera- 
tion of  every  steel-maker  and  .user.  It  is  in  ray  judgment  worthy 
to  be  considered  u  text-book  on  the  treatment  of  steel. 

My  investigations  of  the  service  of  thousands  of  tons  of  rails,  and 
the  analyses  of  many  hundreds  of  them,  have  shown  the  greatest 
variation  in  the  wear  of  rails  of  the  same  section  and  chemical  com- 
position. This  being  so,  there  must  be  some  physical  cause.  Can 
we  find  a  chemical  reason  for  rails  showing  "soft"  in  wear,  having 
the  following  chemical  composition? 

Carbon, 0.39 

Sulphur, 0.059 

Phosphorus, 0.085 

Manganese,  ..........  0.722 

If  SO,  -why  did  another  make,  in  the  same  track  and  under  seemingly 
the  same  conditions,  analyzing  as  follows,  wear  "  hard  ?  " 

Carbon, 0.40 

Sulphur, 0.06-i 

Phosphorus, 0.080 

Manganese, •  .         .         .         .  0.779 

I  could  multiply  these  instances  to  an  indefinite  extent,  but  will  not 
take  up  time. 

Our  Bes.semer  friends  are  all  right  on  their  chemistry.  They 
know  a  great  deal  more  than  the  })eople  who  made  those  early  good 
rails,  and  it  is  not  in  that  direction  that  investigation  is  most  needed. 

As  I  said  early  in  this  paper,  every  rail-maker  wants  to  give  his 
customers  good  rails.  Now  I  honestly  believe  it  is  to  his  interest 
that  the  purchaser  should  be  represented  by  intelligent  insj)ection. 
No  matter  how  good  the  mill-organization  may  be,  the  men  all  work 
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by  tlic  ton,  and  do  not  always  realize  the  ini])ortan('C  to  their  own 
interests  (wliich  are  the  same  as  those  of  their  employers)  that  only 
good  work  should  yo  out,  Jlenee  the  right  kind  of  inspection  is  of 
assistance  to  any  mill. 

If  I  were  a  purchaser  of  rails,  I  should  draw  fuller  specifications 
than  these,  which  I  now  have  the  honor  to  ])resent  to  you,  and  I 
should  acce|)t  all  the  risk  of  the  results.  But  railway-managers  are 
not  yet  willing  to  assume  this  position.  I  have  therefore  endeavored, 
while  not  relieving  the  makers  of  any  responsibility,  or  introducing 
novel  practices,  to  assist  the  railroads  in  obtaining  better  and  more 
uniform  rails. 

It  is  recognized  as  the  commercial  rule  that  rail-makers  should  give 
a  guaranty  with  their  rails.  In  these  specifications,  I  have  embraced 
such  an  one  as  is  given  by  some  of  the  largest  makers  in  the  country, 
and  under  which  they  have  sold  rails  for  many  years.  It  seems  to 
me  to  be  fair  in  its  provisions;  and  I  believe  the  other  requirements 
of  my  specifications  will  tend  largely  in  the  direction  of  making  the 
sellers  safe  in  the  guaranty.  If  this  is  true,  the  railroads  will  of 
course  receive  satisfactory  rails,  and  everybody  ought  to  be  happy. 

Specifications  for  BessExMer  Steel  Rails. 
Section. 

Section  1.  The  section  of  the  rail  rolled  shall  conform  to  the 
template  furnished  by  the  railroad  company  with  an  allowance  in 
height  of  y\  of  an  inch  nnder,  and  -^  over,  being  permitted  in  a 
delivery  of  10,000  tons  of  rails.  The  fit  of  the  fishing  or  "■  male" 
template  shall  be  maintained  perfect. 

Sec.  2.  The  weight  of  the  rail  shall  be  kept  as  near  to  —  pounds 
per  yard  as  is  practicable  after  complying  with  Sec.  1. 

Lengths. 

Sec.  3.  The  standard  length  of  rail  shall  be  30  feet  at  a  tempera- 
ture of  60  degrees  Fahrenheit.     Shorter  rails  of lengths  will 

be  accepted  to  the  extent  of  10  per  cent,  of  the  entire  order.  A 
variation  in  length  of  ^  of  an  inch  longer  or  shorter  than  the  above 
specified  lengths  will  be  allowed. 

Finish. 

Sec.  4.  The  rails  must  be  free  from  all  mechanical  defects  and 
flaws,  and  shall  be  sawed  square  at  the  ends,  and  the  burrs  made  by 
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the  saws  carefully  chipped  and  filed  oiF,  particularly  under  the  head 
and  on  top  of  the  flange.  In  sawing,  care  must  be  taken  to  avoid 
a  flow  of  steel  which  will  produce  a  swell  on  the  top  of  lower  flange, 
as  the  rail  lies  under  the  saw,  thereby  affecting  the  fit  of  the  fish- 
plate. 

Sec.  5.  The  rails  shair  be  smooth  on  the  heads;  straight  in  all 
directions,  both  surface  and  line;  and  without  any  twist,  waves  or 
kinks;  particular  attention  being  given  to  having  the  ends  without 
kinks  or  drop.  The  hot-straightening  shall  be  carefully  done,  so 
that  gagging  under  the  cold-press  will  be  reduced  to  the  minimum, 
and  so  applied  that  the  rails  shall  not  be  made  "  lumpy." 

Drilling. 

Sec.  6.  Circular  holes   inch   in   diameter  shall  be  drilled 

through  the  web  at inches  from  the  bottom  of  the  flange.    The 

center  of  the  first  hole inches  from  the  end  of  the  rail ;  and 

inches  from  the  center  of  the  first  to  the  center  of  the  second 

hole;  and  so  on,  if  more  than  two  holes  are  required.  These  holes 
must  be  accurate  in  drilling  in  every  respect,  and  left  without  burrs. 

Branding. 

Sec.  7.  The  number  of  the  charge,  the  name  of  the  maker,  the 
month  and  year  of  manufacture,  shall  be  marked  in  plain  letters 
and  figures  on  the  side  of  the  web  of  the  rail,  in  such  a  position  as 
not  to  be  covered  by  the  fish-plates  when  laid  in  the  track.  If  the 
purchaser  prefers,  the  number  of  the  charge  shall  be  stamped  on  the 
end  of  the  rail. 

Percentage  of  Carbon. 

Sec,  8.  The  steel  to  contain  as  high  a  percentage  of  carbon  as  the 
maker  is  willing  to  put  in  and  still  meet  the  requirements  of  Sec- 
tions 9  and  21. 

Tests. 

Sec.  9.  While  the  heat  is  being  cast,  two  test-ingots  shall  be 
made;  the  first  from  steel  going  into  the  first  regular  ingot;  the 
other  from  metal  representing  the  la^t  one.  These  test-ingots  shall 
be  3"  X  3",  and  not  less  than  4"  long.  From  these,  bars  at  least 
^"  square  shall  be  drawn  at  one  heat  by  hammering.  Each  bar  when 
cold  shall  be  bent,  without  breaking,  by  the  blows  of  a  sledge  to  not 
less  than  a  right  angle.  Should  one  bar  from  a  heat  fail  and  the 
other  stand  the  test,  a  third  bar  may  be  taken  from  a  bloom  rolled 
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from  the  same  ingot  represented  by  the  failed  bar.  If  this  stands 
the  test,  it  shall  be  acocj)ted  in  lieu  of  the  failed  one.  If  the  makers 
choose,  more  than  the  two  te.st-in<;ots  may  be  taken,  but  they  must 
be  from  the  steel  of  the  first  and  last  regular  ingots.  If  this  is  done 
and  a  test-bar  fail,  another  one  may  be  drawn  from  the  duplicate 
ingot  and  tested,  and  if  it  stands,  acceptedw 

Treatment  of  Ingots,  etc. 

Sec.  10.  After  the  ingots  are  cast,  they  shall  be  either  constantly 
kept  in  an  upright  position  until  ready  to  be  rolled,  or  else  so  main- 
tained until  the  interior  steel  has  had  time  to  solidify. 

Sec.  11.  No  *•'  bled  "  ingots,  or  ingots  from  '*  chilled  "  heats  shall 
be  used  in  the  manufacture  of  rails  under  this  contract. 

Sec.  12.  No  ingots  from  badly-teemed  heats  shall  be  used;  ex- 
cepting as  they  shall  be  subject  to  the  provisions  of  Section  16. 

Cutting  of  Blooms. 

Sec.  13.  After  cutting  off,  or  allowing  for  the  "sand  "  or  top-end 
of  each  ingot,  at  least  12  inches  more  of  seemingly  solid  steel  shall 
be  cut  off  that  end  of  the  bloom,  or  partially  formed  rail ;  if  the 
latter,  then  the  pieces  so  cut  off  shall  equal  12"  in  length  of  a 
1"  X  7"  bloom ;  a  greater  length  than  12"  being  preferred ;  and  if, 
after  cutting  such  length,  the  steel  does  not  look  solid,  the  cutting 
shall  continue  until  it  does. 

Heating. 

Sfc.  14.  Care  shall  be  taken  to  avoid  overheating  the  steel,  in 
shape  of  either  ingots  or  blooms;  and  under  no  circumstances  shall 
a  "cinder"-  heat  be  allowed — that  is,  a  heat  high  enough  to  cause 
the  cinder  to  run  off  the  steel  as  it  is  being  dra\SMi  from  the  furnace. 
This  does  not  apply  to  cinder  which  may  be  sticking  to  the  under- 
side of  the  steel,  when  drawn  from  a  horizontal  furnace,  or  to  the 
bottom  of  an  ingot  when  drawn  from  a  soaking-pit. 

Inspeclion. 

Sec.  15.  Inspectors  representing  the  purchaser  shall  have  free 
entry  to  the  works  of  the  makers  at  all  times  while  this  contract  is 
being  filled,  and  shall  have  all  reasonable  facilities  afforded  to 
satisfy  them  that  the  rails  are  being  made  in  accordance  with  these 
specifications.  The  makers  shall  furnish  them  with  the  carbon  de- 
terminations of  ^ach  heat,  if  so  required. 
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Sec.  16.  The  inspectors  shall  have  power  to  reject  rails  made 
from  insufficiently-sheared  blooms;  or  from  heats,  the  test-pieces  of 
which  have  failed  ;  or  from  badly-poured  heats  ;  or  from  "  chilled  " 
heats  ;  or  from  "  bled  "  ingots.  The  rails  made  from  insufficiently- 
cut  blooms,  if  otherwise  perfect,  to  be  afterwards  received  as  No.  1 
short  rails,  if  sufficient  lengths  have  been  sawed  off  to  make  an 
amount  of  steel  equal  to  the  original  demand  of  12  inches.  The 
rails  made  from  heats,  the  test-pieces  of  which  have  failed,  may  be 
accepted  as  No.  2  rails.  The  rails  from  a  badly-poured  heat  may 
be  received  as  No.  2  rails;  but  if  made  from  a  "chilled"  heat  or 
"  bled  "  ingot,  to  be  absolutely  rejected.  By  a  badly-poured  heat 
is  meant  one  which,  from  any  cause,  has  been  teemed  without  the 
control  of  the  operator.  A  ''chilled"  heat  is  one  which,  by  reason 
of  the  steel  chilling,  has  to  be  either  pricked,  or  poured  over  the  top 
of  the  ladle.  A  "  bled  "  ingot  is  one  from  the  center  of  which  the 
liquid  steel  has  been  permitted  to  escape. 

Sec.  17.  Imperfectly  drilled,  straightened,  or  chipped  and  filed 
rails  shall  be  rejected,  but  will  be  accepted  after  being  properly 
finished. 

Sec.  18.  Rails  failing  to  comply  with  Section  1  will  be  rejected  as 
No.  1  rails. 

Ko.  2  Rails. 

Sec.  19.  The  requirements  for  No.  2  rails  shall  be  the  same  as  for 
No.  1,  except  that  they  will  be  accepted  with  a  flaw  in  the  head 
not  exceeding  J  of  an  inch,  and  flaws  in  the  flanges  not  exceeding 
^  inch  in  depth,  and  may  have  been  made  from  an  imperfectly  poured 
ingot,  or  heats  from  which  the  test-bars  have  failed. 

Sec.  20.  No.  2  rails  to  the  extent  of  —  per  cent,  of  the  whole 
order  will  be  received. 

Guaranty. 

Sec.  21.  The  rail-makers  to  guarantee  the  No.  1  rails  against 
breakage  and  unusual  wear,  at  the  ends  or  elsewhere,  for  five  years 
from  the  time  of  delivery  to  the  railroad  company.  And  should 
any  such  rails  so  fail,  will  upon  the  return  of  such  failed  rails  to 
their  works  deliver  free  of  cost  on  cars  at  their  works  perfect  rails 
to  replace  such  failed  rails;  the  failure  of  which  is  not  attributable 
to  improper  laying,  or  want  of  care  after  being  laid,  or  unusual  cir- 
cumstances of  derailment  from  failure  of  other  railway  machinery  or 
appliances,  or  negligence  of  the  railroad  company's  employees.  In 
event  of  failure  at  the  ends  or  elsewhere  of  the  No.  1  rails,  not  ex- 
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ceeding  10  jxm-  cent,  of  the  amount  of  the  contract,  before  the  ex- 
piration of  the  five-years'  guaranty  (and  when  the  rails  in  all  other 
resj)ects  warrant  such  a  course),  the  railroad  company  will  cause  to 
be  cut  oflP  so  much  of  such  rails  as  may  be  necessary  to  make  j>er- 
fcct  rails  of  them,  but  in  no  case  leaving  them  less  than  —  feet  in 
length;  the  makers  to  pay  in  cash  for  cutting,  redrilling,  and  re- 
straightening  such  rails,  and  the  loss  in  weight  so  sustained  by  the 
railroad  company  to  be  made  up  to  them  by  the  makers,  on  the  re- 
turn to  them  of  the  pieces  so  cut  off,  in  good  and  perfect  full-length 
rails,  of  such  section  as  may  be  agreed  upon.  The  points  of  delivery 
of  failed  rails,  ends  of  rails  cut  off,  and  rails  to  replace  the  same,  or 
mode  of  such  settlement,  may  be  varied  to  conform  to  the  pecu- 
liarities of  each  contract. 

Discussion. 

C.  P.  Sandberg,  London  (Communication  to  the  Secretary): 
Bv  a  singular  coincidence,  I  handed  in  to  the  Secretary  of  the 
Institution  of  Civil  Engineers,  London,  on  the  29th  of  October 
last,  the  month  in  which  Mr.  Hunt's  paper  was  published,  a 
paper  on  the  Use  of  Heavier  Rails  for  Greater  Safety  and 
Economy  in  Railway  Traffic,  of  which  a  private  copy  had  been 
sent  to  a  client  in  America  on  the  27th.  The  papers  actually 
crossed  each  other  on  the  Atlantic,  and  a  resume  of  Mr.  Hunt's 
appeared  in  the  "Railroad  Gazette"  and  the  "  Engineering  News," 
which  arrived  here  a  week  after  ray  paper's  departure.  Unfor- 
tunately there  has  been  some  delay  in  the  printing  of  my  paper 
by  permission  of  the  Council  of  the  Institution  of  Civil  En- 
gineers here;  and  as  their  regulations  do  not  permit  its  contents  to 
be  given  to  anybody  before  it  has  appeared  in  print  from  the  Insti- 
tution, I  have  been  kept  in  silence  hitherto.  But  I  expect  the  paper 
will  be  out  soon,  and  shall  then  send  it  freely  to  American  friends. 
In  many  respects  it  touches  upon  the  same  subject  as  Mr.  Hunt's; 
but  without  prematurely  repeating  its  observations,  I  will  now  deal 
with  the  question  it  discusses,  in  special  a{)plication  to  American 
conditions. 

Mr.  Hunt's  history  of  rail-making  in  America  is  very  interesting, 
and,  so  far  as  I  have  been  able  to  follow  it,  correct;  and  many  good 
lessons  may  be  drawn  from  it,  not  only  for  America  but  also  for 
other  rail-making  countries.  No  other  country  in  the  world  could 
show  anything  compared  to  it;  and  I  am  quite  convinced  that  many 
a  European  rail-maker  would  have  a  good  deal  to  learn  from  a  visit 
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to  America.  It  is  only  natural  that  there  should  be  more  perfection 
in  Aniei'ica ;  for  the  trade  has  flourished  commercially,  while  tech- 
nically, it  has  had  the  advantage  of  the  experience  of  all  the  European 
countries;  for  nothing  has  been  kept  back.  How  could  it  be,  when 
such  men  came  over  as  A.  S.  Hewitt,  A.  L.  Holley,  and  several 
eminent  rail-makers,  all  offering  to  open  their  doors  and  show  the 
Europeans  their  new  plants.  I  regret  not  having  had  the  oppor- 
tunity to  take  advantage  of  such  a  liberal  exchange  of  experience 
by  visiting  America ;  but  I  have  had  the  good  fortune  of  receiving 
American  friends  on  this  side,  and  of  assisting  them  in  getting  the 
information  they  wanted.  I  trust  that  this  liberal  exchange  will 
continue,  and  that  no  political  motives  or  narrow-minded  views  of 
any  kind  will  ever  prejudicially  affect  the  exchange  of  opinions 
between  engineers  on  both  sides  of  the  water.  Our  science  is  too 
noble  in  character  to  be  checked  by  misplaced  patriotism. 

Mr.  Hunt  candidly  admits  that  the  rails  now-a-days  do  not  wear 
as  well  as  those  made  in  former  days,  and  gives  in  explanation  facts 
on  the  part  of  both  producer  and  consumer.  The  principal  reasons 
he  adduces  are  the  form  of  the  sections  and  the  want  of  inspection. 
I  would  add  a  third — the  fast  driving  of  both  the  metallurgical  and 
the  mechanical  processes. 

1.  First,  as  to  the  section.  My  aim  at  establishing  standard  sec- 
tions in  the  early  period  was  not  without  success,  at  least  as  long  as 
rails  were  imported  into  America  from  England.  My  ilrst  publica- 
tion on  this  subject,  dated  28th  January  1870,  showed  designs  for 
rails  up  to  80  lbs.  per  yard.  The  medium  sizes,  from  50  lbs.  to  60 
lbs.,  were  made  in  very  large  quantities  in  both  iron  and  steel,  and 
some  still  remain  in  the  track.  Curiously  enough,  I  have  just 
received  a  series  of  sections  proposed  by  Mr.  Forsyth,  of  the  Union 
Steel  Company,  Chicago,  which  are  almost  similar  to  mine  in  the 
head  and  the  flanges.  This  is  after  eighteen  years'  experience. 
Unfortunately,  engineers  are  the  deciding  parties;  and  they  have 
drawn  their  own  sections  with  a  view  to  economy,  placing  as  much 
substance  in  the  head  as  possible,  and  making  the  flanges  almost  as 
thin  as  they  could  draw  them — thinking  it  very  clever  to  give  the 
maker  "a  job"  to  roll  them.  Naturally,  no  hostile  demonstration 
on  the  part  of  the  makers  was  advisable ;  they  had  to  adapt  them- 
selves accordingly,  and  to  construct  mills  capable  of  doing  what 
they  were  directed  to  do — and  they  succeeded  well  enough  in  the 
execution.  However,  the  engineer  made  a  whip  for  his  own  back 
thereby,  getting  in  consequence  too  soft  a  rail,  which  would   not 
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wear  ooini>areil  with  the  ohler  sections,  having  flanges  of  at  least 
f'ir  inoli  tlii(!kness.  Xow  they  are  complaining  of  the  "lost  art" 
of  rail-making,  and  that  th'e  big  heads  do  not  wear  as  well  as  those 
showing  better  proportion  between  head  and  flange.  Two  years  ago, 
I  gave  a  paper  to  the  Institution  of  Civil  Engineers  here  on  Rail 
Joints  and  Steel  Rails,  in  which  I  treated  the  question  of  over- 
schemed  rail-sections.  I  am  therefore  only  too  glad  to  see  that  the 
subject  is  brought  up  again  in  Mr.  Iliini's  |)a|)er.  My  forthcoming 
paper  will  also  deal  with  the  question.  I  need,  therefore,  only  now 
endorse  all  that  has  been  said  about  the  evil  j^roduced  by  wide,  thin 
flanges,  which  have  gone  to  the  extreme  in  America,  and  I  trust 
will  meet  with  a  speedy  correction  on  the  part  of  engineers  by  the 
designing  of  sections  that  can  be  made  harder — as  hard  as  the  old 
sections  in  the  beginning  of  steel  rail-making — to  enable  makers  to 
regain  the  ''lost  art"  which  engineers  now  lament. 

2.  With  reference  to  the  second  cause  of  inferior  rails,  namely, 
want  of  inspection,  I  am  placed  in  a  somewhat  delicate  position, 
and  can  only  say  that  nowhere  in  Europe  are  rails  delivered  without 
insj)ection  during  the  make.  Everything  depends  upon  the  kind  of 
inspection.  Sometimes  specifications  are  overdone  and  impracticable. 
In  general,  the  guaranty  is  not  found  to  be  of  much  value,  prac- 
tically speaking.  Buyers  prefer  to  be  convinced  of  having  got  their 
money's  worth  before  they  pay  for  the  goods. 

As  for  the  specification  proposed,  I  can  only  refer  to  the  one  given 
in  my  paper  before  the  Mining  Institute,  and  read  at  the  Lake 
Superior  Meeting  in  August,  18S0  {Trans,  ix,  i9i),  to  which  I  still 
adhere,  and  which  has  served  for  over  a  million  tons'  inspection  in 
my  practice.  On  comparing  it  with  Mr.  Hunt's  the  reader  will  see 
the  difference,  particularly  in  the  applied  tests;  for  while  I  use  the 
bending-test  with  sample-ingots,  as  a  preliminary,  chiefly  to  enable 
the  maker  to  avoid  rolling  brittle  steel  into  rails,  which  might  break 
under  the  falling-test,  Mr.  Hunt  is  satisfied  with  such  a  preliminary 
test  alone,  and  does  not  enforce  any  falling-test  at  all.  What  is 
more,  in  his  specification,  the  bending-tests  are  repeated  two  or 
three  times,  with  a  chance  of  ultimately  getting  one  to  stand,  and 
having  the  rails  consequently  accepted.  Mr.  Hunt  is  not  the  only 
one  abolishing  the  falling-test  or  drop-test.  I  have,  in  the  paper 
above  referred  to,  reduced  the  so-called  "  barbarous"  tests  so  as  to 
admit  of  greater  hardness  ;  but  I  see  no  cause  to  abolish  them 
altogether. 

I  observe,  at  the  close,  the  cutting  off  of  blooms  12  inches  at  the 
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top-end.  Fully  appreciating  the  importance  of  sound  ends,  1  think 
such  a  heavy  cut  must  entail  great  loss  upon  the  maker  ;  and,  worse 
still,  that  it  will  not  absolutely  secure  the  object  in  view,  inasmuch 
as  hollow  sinkings  will  not  always  be  detected  thereby.  I  would 
rather  aim  to  obtain  in  casting  a  more  solid  toj)  to  the  ingot,  tlirough 
the  quality  of  the  steel.  To  promote  this,  I  would  tolerate  more 
silicon,  wiiich  makes  the  steel  in  casting  very  quiet,  and  permits 
hardly  any  gases  to  escape.  From  thousands  of  analyses^  I  have 
found  that  with  0.10  per  cent,  of  silicon  a  more  solid  top  is  obtained, 
while  no  material  effect  is  shown  in  the  testing  for  physical  qualities. 
I  could  cite  several  works  on  the  Continent,  using  regularly  as  much 
as  a  quarter  per  cent,  of  silicon;  their  ingots  are  as  if  they  were 
planed  on  the  top,  and  need  only  the  cutting  off  of  a  12-inch  crop- 
end  of  the  rail  ;  neither  ingots  nor  blooms  being  cut  at  all.  In  this 
theory  I  know  that  I  stand  alone,  both  in  Europe  and  in  America, 
and  am  therefore  quite  prepared  to  meet  with  objections.  My  diffi- 
culty in  practice  is  to  obtain  the  silicon  in  uniform  proportion. 
While  I  sometimes  get  accidentally  a  quarter  per  cent.,  at  other 
times  I  get  next  to  nothing,  and  then  I  get  the  hollow  top.  Regu- 
larity in  the  pig-iron,  as  to  its  contents  of  silicon  as  well  as  its  heat, 
would  rectify  these  irregularities  in  the  finished  article.  This  would 
be  well  worth  the  makers'  attention,  as  a  means,  to  ensure  both 
economy  to  themselves,  and  sound  rail-ends,  and  satisfaction  to  the 
consumer. 

To  show  how  much  I  appreciate  the  hot-straightening,  I  beg  to 
refer  to  a  letter  on  that  subject  which  1  sent  to  Engineering  ten 
years  ago  (10th  October,  1879).  I  congratulate  the  American  rail- 
makers  on  their  advance  beyond  the  Europeans  in  this  respect. 
However,  there  are  now  signs  of  reform,  even  on  this  side,  in  this 
most  important  part  of  rail-making. 

As  to  the  rules  of  the  inspection  proposed  by  Mr.  Hunt,  I 
observe  that  rails  not  coming  fully  up  to  the  specification  may  be 
accepted  as  "  No.  2."  We  have  no  such  practice  in  Europe.  Rails 
are  accepted,  if  strictly  up  to  specifications,  or  they  are  rejected  and 
disposed  of  by  the  makers  to  contractors  on  less  important  roads, 
where  low  speeds  are  maintained. 

In  conclusion,  the  inspector  working  to  this  specification  seems  to 
me  to  be  spared  the  unpleasant  duty  of  rejecting  any  rails;  for  the 
bending-test  can  hardly  fail  to  go  through  when  repeated,  and  the 
rails  not  up  to  the  strict  terms  of  the  specification  can  be  passed  as 
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"  No.  2."  The  iiuikers  have  evcM'v  reason  to  he  h:i|)pv ;  hut  it 
remains  to  he  seen  whether  the  oonsnmer  also  will  be  so. 

3.  The  third  cause  of  inferior  rails  now-a-days,  as  compared  with 
those  first  rolled,  namely,  the  drivinf/,\s  j)erhaps  the  most  imj)ortant 
of  the  three,  particnlarly.becanse  tliere  is  no  help  for  it.  To  ask  the 
maker  to  give  more  time  to  both  the  chemical  and  the  mechanical 
processes,  would  be  regarded  as  a  suggestion  to  return  to  the  old 
stage-coach.  Nevertheless,  the  fact  is,  that  no  sooner  is  the  pig-iron 
in  the  converter  than  it  is  out  as  a  rail.  Any  one  having  the  least 
experience  in  chemical  processes  must  know  that  time  cannot  be 
dispensed  with,  but  is  necessary  for  dissolving,  precipitating,  and 
mixing,  and  for  the  due  escape  of  the  gases  produced.  Why  is  the 
Siemens-Martin  steel  more  homogeneous  than  the  Bessemer?  Simply 
because  time  is  given. 

Again,  in  mechanical  respects,  tlie  old  mills,  running  at  slow 
speed,  produced  a  close  grain  in  the  rails,  because  the  pressure  wa.s 
given  in  the  stage  of  brown  heat.  This  made  the  rails  physically 
hard,  as  has  been  very  clearly  stated  in  a  recent  paper  by  Mr. 
Frederic  A.  Delano,  of  Chicago  {Trans.,  xvi.  594).  This  explains 
why  different  wearing-results  might  be  got  from  the  same  chemical 
composition.  One  rail  might  be  rolled  at  red  heat,  and  the  other  at 
brown  or  neai'ly  black.  The  thick  flanges  formerly  prevalent  per- 
mitted such  cold-rolling  without  consequent  rejections  or  waste. 
Since  the  thin  flanges,  like  razors,  have  come  into  use,  makers  have 
been  actually  bound  to  si)in  them  out  in  quick-rolling  mills;  and 
the  only  part  that  gets  cold-rolling  is  the  flange,  while  the  head  is 
always  coming  out  red-hot.  No  close  grain  or  physical  hardness 
can  be  ex])ected  in  the  big  heads — which  is  just  the  reverse  of  what 
should  be  the  result  sought. 

However,  it  is  of  no  use  to  ask  makers  to  roll  slow,  at  least  not 
until  engineers  will  return  to  thick  flanges  of,  say,  j\  inch  or  rather 
I  inch ;  and  even  then,  the  ambition  to  turn  out  a  rail  a  minute, 
and  so  many  tons  out  of  a  converter,  will  not  be  given  up.  The 
only  remedy  I  can  now  hope  for  is,  that  through  the  adoption  of 
these  thick  flanges  the  rail-steel  might  with  safety  be  made  harder 
chemically,  by  atlmittingas  much  carbon  (and  silicon  to  give  solidity) 
as  the  amount  of  phosphorus  present  will  j)ermit.  It  is  in  this  view 
that  my  forthcoming  j)ap('r  closes  with  a  suggestion  of  thick  flanges 
and  the  use  of  steel  base-plates,  where  the  preservation  of  sleepers 
will  necessitate  a  broader  base  than  the  rail-flange  can  practically 
give. 
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Mr.  Hunt  (communication  to  the  Secretary) :  I  am  glad  so  dis- 
tinguished an  authority  as  Mr.  Sandberg  agrees  with  me  at  so  many 
points.  In  defense  of  my  test-bars  and  bending-test,  I  would  say 
that  my  specifications  were  drawn  with  a  view  of  obtaining  good  and 
safe  rails,  but  at  the  same  time  interfering  as  little  as  possible  with 
the  established  practices  of  American  mills.  In  several  of  these, 
the  rails  are  loaded  on  the  shipping-cars,  both  day  and  night,  as  they 
come  from  the  drill-presses,  at  the  rate  of,  say,  a  rail  per  minute; 
hence  to  hold  the  rails  until  a  drop-test  has  been  made  would 
seriously  interfere  with  the  mill-practice.  Moreov^er,  steel  is  so  sen- 
sitive to  physical  treatment  that,  to  give  the  drop-test  an  absolute 
value,  a  piece  should  be  taken  from  each  rail.  Of  course,  this 
cannot  be  done  under  existing  circumstances.  By  my  plan  I  secure 
samples  from  two  different  parts  of  each  heat,  and  test  them  before 
the  steel  has  reached  the  condition  of  a  finished  rail  ;  and  I  know 
from  years  of  experience,  that,  if  properly  conducted,  this  method  is 
reliable.  It  is  the  inspector's  duty  to  see  that  the  test  is  properly 
conducted.  Such  supervision  is  equally  necessary  to  the  drop-test. 
I  think  I  have  known  of  railway  engineers,  looking  wisely  on  while 
such  tests  were  made,  and  drawing  conclusions  from  them,  when  the 
results  were  controlled  almost  as  much  as  though  other  steel  had 
been  tested.  Now  that  I  would  accuse  any  one  of  presenting  false 
results;  but  it  is  very  embarrassing  to  have  failures  when  one  par- 
ticularly desires  success. 

Accidents  will  happen,  and  I  therefore  permit  a  second  test,  but  it 
must  be  from  steel  representing  the  same  ingot.  It  is  not  intended 
that  a  coaxing  through  of  the  test-bar  shall  be  allowed;  but,  as  the 
rejection  of  ten  tons  of  metal  is  a  serious  matter,  I  propose  an 
honest  protection  of  the  maker's  interest.  If  he  seeks  to  obtain 
any  more,  the  inspector  is  there  for  the  purpose  of  calling  a  halt. 

In  relation  to  the  matter  of  solid  tops  to  the  ingots,  I  fully  agree 
with  Mr.  Sandberg  that  such  ingots  can  be  made  ;  but  we  are  not 
certain  of  always  getting  them.  An  ingot  is  a  steel  casting,  and  we 
are  all  familiar  with  the  character  of  the  sink-heads  which  the 
makers  of  steel  castings  have  to  provide.  Cutting  off  the  amount 
of  steel  specified  by  me  need  not  necessarily  increase  the  cost  of 
rails.  Such  pieces  can  be  used  for  other  purposes,  in  which  any 
such  defects  will  play  an  unimportant  part,  and  the  crop-,  or  rail- 
ends,  can  be  made  so  much  shorter. 

In  regard  to  accepting  unsatisfactory  rails  as  No.  2,  probably  Mr. 
Sandberg  is  not  aware  that  some  American  railroads  accept  a  stipu- 
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ated  percentage  of  sucli  rails,  wliile  others  do  not.  Tliis  is  a  matter, 
varying  with  each  contrac^t.  When  accepted  it  is  usually  at  about 
10  per  cent,  discount  from  the  price  of  No.  1  rails,  and  seldom  in 
quantity  over  3  percent,  of  the  whole  rolling.  Plence  inspectors 
under  my  specifications  may  have  some  "  unpleasant  duty." 

As  the  railroads  improve  the  character  of  their  road-beds,  they 
require  more  carefully  finished  rails;  and  conscientious  inspectors 
will  find  plenty  of  work,  if  they  perform  their  duty  and  examine 
each  rail  for  line  and  surface  defects,  besides  wanting  a  constant 
sujiervision  of  the  section,  measurement,  sawing,  chij)ping  and  filing, 
and  drilling.  In  doing  this,  they  will  assist  rather  than  antagonize 
the  mill-management;  for  of  course  all  makers  desire  to  give  their 
customers  good  rails. 


NOTE  ON  THE  CULTIVATION  OF  MUSBBOOMS  IN  ABAN- 
DONED MINES  AT  AKRON,  N.   T. 

BY   WILLIAM  Y.    WARREN,   BUFFALO,  N.   Y. 
(Read  by  invitation  of  the  Council  at  the  Buffalo  Meeting,  October,  1888.) 

Messrs.  Thomas  &  Cross,  having  leased  from  the  Akron  Cement 
Company  from  twelve  to  fifteen  acres  of  abandoned  cement-tunnels 
and  chambers,  for  the  purpose  of  propagating  mushrooms  for  the 
market,  commenced  operations  about  a  year  ago,  and  are  now  begin- 
ning to  furnish  mushrooms  in  quantities  to  the  local  markets  of 
Buffalo  and  Rochester. 

The  quarries,  or,  more  properly,  the  mines,  of  the  Cement  Com- 
pany are  located  at  Akron,  Erie  County,  N.  Y.  The  cement-roek 
occurs  in  a  stratum  about  7^  to  8  feet  in  thickness,  which  is  over- 
lain by  from  15  to  25  feet  of  limestone  and  flint-rock.  There  is  a 
gentle  rise  from  the  opening  of  the  tunnel  inwards,  giving  a  natural 
drainage  and  leaving  the  chambers  comparatively  dry.  The  roof  is 
good  and  is  supported  by  pillars  and  heavy  timbers. 

The  mushroom-beds  are  located  about  300  feet  from  the  opening 
of  the  tunnel,  and  are  made  in  the  form  of  mounds  about  3  feet  by 
12  feet,  at  the  base,  and  2}  feet  high,  giving  to  the  chambers  the 
appearance  of  a  subterranean  graveyard.  Many  experiments  have 
been  made  to  determine  the  best  form  for  the  beds,  and  the  mound 
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is  now  deemed  suj)erior  to  any  other,  giving,  as  it  does,  a  much 
larger  prodncing'-surface  in  proportion  to  the  area  occupied.  The 
beds  are  constructed  of  fresh  horse-manure  and  garden-loam,  in  the 
following  manner : 

Frames,  3  by  12  feet  in  size,  made  of  2-inch  by  4-inch  scant- 
lings, are  laid  in  a  row  upon  the  floor  of  the  chamber,  about  8  to  12 
inches  a|>art,  leaving  room  to  pass  between  them.  Upon  each  of 
them  a  mound  of  the  fresh  manure,  which  has  been  well  forked 
over,  is  made  with  sloping  sides,  about  2^^  feet  high.  This  is  pressed 
down  firmly,  and  the  mushroom  spawn  is  planted  u[)on  the  entire 
surface,  which  is  then  banked  up  and  completely  covered  with  from 
2  to  2J  inches  of  carefidly  selected  black  garden-loam. 

A  bed  will  commence  to  produce  in  small  quantities  in  from  ten 
days'to  two  weeks,  and  will  last  from  ten  months  to  a  year,  when 
the  strength  of  the  manure  will  have  become  exhausted,  and  the 
spawn  (which  occurs  in  the  form  of  thin  white  fibers  like  delicate 
roots)  must  be  replanted  in  fresh  beds. 

The  form  of  the  beds  has  not  been  the  only  subject  of  experiment 
in  the  enterprise.  Their  location,  also,  has  had  careful  consideration 
and  required  many  practical  trials.  There  is  now  in  this  locality 
about  half  an  acre  covered  with  the  beds.  On  the  day  of  our  visit 
twenty  pounds  of  mushrooms  had  been  gathered,  and  the  product 
was  expected  to  be  much  larger  a  month  later,  from  new  beds  which 
were  soon  to  commence  bearing. 

Tlie  temperature  of  the  tunnel  is  nearly  uniform  the  year  round, 
running:  from  50°  to  55°  F.  No  artificial  heat  is  used,  and  the  beds 
are  not  enclosed  in  any  way,  from  the  entrance  or  the  rest  of  the 
tunnel.  The  atmosphere  is  naturally  very  damp.  During  the 
summer,  when  the  wind  was  in  a  fav^orable  direction  to  blow  into 
the  tunnel,  and  the  temperature  was  raised  several  degrees,  it  was 
noticed  that  the  mushrooms  grew  much  more  rapidly.  If  the  tem- 
perature were  artificially  raised  and  the  chambers  kept  at  a  uniform 
heat  the  product  would  probably  be  largely  increased. 

No  artificial  light  is  employed  except  such  as  is  necessary  for  the 
men  in  making  new  beds  or  jiicking  the  crop,  for  which  purposes 
they  use  large  gasoline  torches. 

The  beds  require  no  watering  or  further  attention,  until  they  com- 
mence to  give  out  and  require  replanting. 

A  similar  enterprise  has  been  very  successfully  carried  on  at 
Utica,  111.,  from  which  place  from  1000  to  1500  i)ounds  of  mush- 
rooms per  week  are  sent  to  the  Chicago  market  and  find  a  ready  sale. 
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The  projectors  oxjxM't  to  I)0  al)U'  to  raise  pie-plaiit  and  possibly 
celery,  lettnee,  and  other  vciietahles,  iiiuler  somewliat  different  con- 
ditions as  to  li<j;ht  and  heat,  which  tliey  propose  to  investi<:;ate  as 
soon  as  their  nnishrootn-heds  are  successfully  in  operation  on  the 
scale  ct)nteui|)lat('d. 


CEMENT-ltOCK  AND  QTP SUM-DEPOSITS  IN  BUFFALO. 

BY  JULIUS  POIILMAN,   BUFFALO,  N.  Y. 

(BufTiilo  >reuting,  Oftober,  1888.) 

Considering  the  truly  wonderful  natural  resources  of  the  United 
States,  and  the  variety  and  extent  of  uses  for  hydraulic  eemelit  at 
the  jiresent  day,  it  seems  strauire  that  the  manufacture  of  the  artificial 
product  called  Portland  cement  has  not  been  introduced  here.  Pos- 
sibly the  reason  mav  be  we  have  in  difiFerent  States  of  tiie  Union 
rock  deposits  from  which  a  cement  can  be  obtained  that  is  as  good, 
and  some  claim  even  better,  because  of  a  more  uniform  quality, 
than  the  English  product  after  it  has  been  subjected  to  transporta- 
tion across  the  ocean. 

One  of  these  natural  cement-rock  deposits  is  found  in  the  northern 
part  of  the  city  of  Buffalo,  and  its  manufacture  has  been  carried  on 
successfully  for  the  past  eleven  years  by  the  Buffalo  Cement  Co.,  Mr. 
L.  J.  Bennett,  President.  The  quarries  cover  an  area  of  about  two 
hundred  acres,  of  which  only  twenty-five  acres  have  been  exhausted 
up  to  date;  and  the  supply  is  assured  for  years  to  come.  One  acre 
yields  on  an  average  80,000  barrels  of  cement ;  hence  12,000,000 
barrels  is  a  low  estimate  of  what  these  quarries  will  yield  before  they 
are  exhausted. 

According  to  the  Geology  of  New  York  this  cement-rock  deposit 
is  called  the  Water-Lime  group,  and  forms  in  this  section  the  upper- 
most member  of  the  Upper  Silurian.  Its  outcrop  can  be  traced  along 
the  base  of  the  second  limestone  terrace  of  Wotern  New  York,  but  at 
Buffalo  a  very  large  part  of  the  overlying  Corniferous  limestone  has 
been  removed  by  natural  agencies,  leaving  only  about  eight  feet 
(six  feet  of  rock  and  two  feet  of  clay)  on  the  top  of  the  cement-rock, 
and  thus  furnishing  the  conditions  for  successful  quarrying  at  a 
minimum  expense. 

This  rock  is  really  an  impure  limestone,  a  mixture,  as  it  were,  of 
the  underlying  shales  of  the  Onondaga  Salt  group  with  the  overlying 
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Devonian  limestone.  It  is  about  five  feet  thick,  has  a  peculiar 
grayish-bluish  tint,  and  emits  a  metallic,  ringing  sound  when  struck 
with  a  hammer.  It  can  easily  be  recognized  by  these  characteristics, 
but  better  yet  by  its  peculiar  fossils,  Eurypterus  (see  Fig.  1),  Pterygotus 
and  allied  genera,  which  appear  to  have  inhabited  the  waters   to 


Fig.  I. 


EURYPTERUS 


the  exclusion  of  any  other  form  of  animal  life  during  the  time  the 
rock  was  deposited. 

A  series  of  comparative  analyses  of  different  brands  of  cement 
seems  to  demonstrate  that  the  high-priced  artificial  English  product 
is  not  needed  here.  Professor  E.  T.  Cox,  former  State  Geologist  of 
Indiana,  gives  his  results  as  follows : 


"  K.  B.  &  S." 

"  B.  C.  Co." 

(English  Portland.) 

(Buffalo  Portland. 

Silicic  acid, 

.     31.43 

32.86 

Alumina, 

.     10.80 

10.40 

Li  rue  and  magnesia, 

.     57.77 

56.74 

100.00 


100.00 


Professor  J.  J.  Brown,  of  Syracuse  University,  gives  the  compo- 
sition of  the  Buffalo  brand  as  follows  : 


Silicic  acid, 

Alumina,  . 

Lime  and  magnesia, 

Iron, 


32.22 

10.91 

56.75 

.12 


100.00 
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The  cement  made  at  Buffalo  has  heen  used  iu  many  of"  the  most 
important  works  in  the  city  and  throughout  the  country,  and  a 
number  of  the  leading  railroads  have  adopted  it  as  their  standard 
brand, 

AVhile  drilling  for  water  a  few  years  ago,  near  the  kilns  on  the 
premises,  Mr.  Bennett  conceived  the  idea  of  making  a  complete 
record  of  the  rock-section  by  using  the  diamond  drill.  The  follow- 
ing core  was  obtained,  beginning  where  the  five-foot  layer  of  cement- 
roek  had  been  removed. 


(  1-  2o  feet,  shale  and  cement-rock  in  tlun  streaks; 

Waterlime    I  ,.      -.^  ^            ,       ,  ,                                   , 

<  2o-  oO  ieet,  tolerably  pure  cenient-iock  ; 

Group.  >                 .    [ 

V  30-  43  feet,  shale  and  cement-rock  in  thin  streaks; 

f  43-  47  feet,  pure  white  gypsum  ; 

I  47-  49  feet,  shale ; 

49-  61  feet,  white  gypsum  ; 

1  I  61-  62  feet,  shale ; 

2  I  62-  66  feet,  white  gvpsum  ; 

^    I  66-  73  feet,  shale  and  gypsum,  mottled  ; 

M  -j  73-131  feet,  drab-colored  shale,  with  several  thin  layers  of 

^  I  white  gypsum  ; 

a  131-133  feet,  dark-colored  limestone  ; 
133-137  feet,  shale  and  limestone; 

I  137-140  feet,  compact  shale  ; 

I  140-720  feet,  gypsum  and  shale  mottled  and  in  streaks; 

L  720-725  feet,  limestone. 


o 


The  drill  continued  to  the  depth  of  1305  feet,  finding  only  soft 
red  shale,  with  a  solid  band  of  white  sandstone,  between  760  and 
785  feet. 

Permanent  water  was  found  at  a  dei)th  of  43  feet  running  through 
the  first  layer  of  white  gypsum;  at  452  feet  gas  was  struck  in 
fair  quantity  and  good  quality,  which  has  since  been  used  in 
connection  with  that  obtained  from  three  otiier  wells,  sunk  near  by, 
for  the  generation  of  steam  in  the  cement  works.  Salt  water  was 
found  at  555  feet,  which  left  on  evaj)oration  about  12  per  cent,  of 
salt. 

This  core  demonstrates  that  Buffalo  is  underlain,  at  the  depth  of 
about  50  feet,  by  a  deposit  more  than  20  feet  thick  of  white  gyp- 
sum. For  the  j)urpose  of  determining  the  advisability  of  mining 
this  deposit  the  Cement  Company  had  a  shaft  sunk,  20  feet  square; 
but  the  rush  of  water  through  the  upper  layer  of  gypsum  (43  to  47 
feet)  effectually  stopped  the  jjrogress  of  the  work.  A  steam-pump, 
with   a  capacity   of  2000  gallons   per  minute,  did  not  make  any 
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impression  upon  it,  and  the  theoretically  correct,  bnt  practically 
impossible  enterprise  of  gvpsum  mining  in  the  city  of  Buffalo  was 
abandoned. 

The  spot  where  the  drilling  commenced  is  70  feet  above  the 
level  of  Lake  Erie  (573  feet  above  the  ocjpan);  hence  the  waters 
running  along  the  gypsum-layers  must  come  from  the  higher  lands 
to  the  east  and  south  of  the  city,  and  not  from  the  lake. 


FEIiBO-SILICON,  AND  THE  ECONOMY  OF  ITS  USE. 

BY  W.    J.  KEEP,  C.E.,  DETROIT,  MICH.,   AXD   EDWARD    ORTOX,  JR.,    E.M., 

COLUMBUS,    OHIO. 

(Buffalo  Meeting,  October,  18S8.) 

During  the  past  two  or  three  years  consumers  of  pig-iron  have 
been  seeking  more  knowledge  regarding  the  chemical  questions 
involved  in  foundry-practice.  This  desire  has  been  increased  by 
the  papers  of  Professor  Thomas  Turner,  of  Mason  College,  Birming- 
ham, reporting  a  series  of  tests  made  to  show  that  silicon  is  a  useful, 
rather  than  a  damaging  element  when  present  in  proper  quantities 
in  cast  iron,  and  that  by  its  use  pig-irons  and  scrap,  which  when 
used  alone  are  totally  unfit  for  foundry  purposes,  may  be  made  to 
give  satisfactory  /esults.  Professor  Turner  has  shown  that  the 
strength  of  a  cast-iron  depends  on  : 

1.  The  amount  of  weakening  impurities  present; 

2.  The  proportion  existing  between  the  combined  and  the  gra- 
phitic carbon  in  the  cast-iron. 

He  says  that  the  tendency  of  combined  carbon  is  to  increase 
hardness  and  brittleness,  while  graphitic  carbon  makes  iron  soft, 
malleable  and  tough;  too  much  of  either  form  is  a  disadvantage; 
the  strength  depends  on  the  proportion. 

Strength  being  the  thing  most  desired,  irons  having  an  excess  of 
weakening  impurities  will  not  find  a  market,  and  therefore  the  only 
thing  to  provide  for  is  the  proper  proportion  between  combined  and 
graphitic  carbon.  Professor  Turner  shows  that  by  a  judicious  use 
of  silicon  this  proportioning  can  be  accomplished  exactly  according  to 
the  wish  of  the  founder;  an  increase  of  silicon  changing  combined 
carbon  to  graphitic,  and  vice  versa.  When  the  founder  understands 
its  use  he  may  soften  and  toughen,  or  harden  and  strengthen  his 
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iron  to  suit  liis  requirements;  but  Professor  Turner  warns  hira 
against  the  use  of  silicon,  without  first  understanding  when  it  is 
needed  ;  for  in  an  iron  wliere  the  carbon  is  ahvady  graphitic,  more 
silicon  may  weaken  it  and  make  it  brittle. 

From  the  effects  pr(^dncod  by  the  extensive  use  of  high-silicon 
irons  for  many  years,  and  from  the  discussion  of  the  subject  during 
the  past  few  years,  silicon  has  come  to  be  considered  as  a  softening 
agent. 

In  the  United  States  for  a  number  of  years  past  many  foundrymen 
have  depended  upon  the  irons  made  from  the  lean  ores  of  Ohio  and 
Kentucky  as  softeners  to  counteract  the  hardness  of  irons  made  from 
the  refractory  ores  of  Lake  Superior  and  northeril  New  York  and  the 
irons  of  the  South  ;  but  it  has  only  lately  been  generally  understood 
that  this  softening  quality  is  due  to  silicon. 

Up<in  examining  the  analyses  of  Ohio  softeners  made  from  native 
ores,  it  will  be  found  that  the  percentage  of  silicon  runs  from  3  to  7 
per  cent.,  and  that  none  regularly  made  previous  to  1887  contained 
more  than  7  per  cent. 

As  the  process  by  which  silicon  accomj)lishes  these  desirable  re- 
sults has  become  better  understood,  the  demand  for  high-silicon  iron 
has  increased.  In  1887  foreign  irons  containing  as  high  as  10  per 
cent,  of  silicon  were  imported  into  the  United  vStates.  These  high- 
silicon  irons  go  under  the  name  of  ferro-silicon.  As  the  call  for 
this  imported  product  increased,  ferro-silicon  containing  from  7  to  14 
per  cent,  of  silicon,  and  of  a  very  high  grade  in  other  respects,  has 
been  produced  in  America  to  supply  this  demand. 

The  question  has  naturally  arisen,  whether  the  use  of  irons  con- 
taining such  a  high  percentage  of  silicon  is  as  economical  as  when 
the  percentage  is  lower.  This  has  led  us  to  the  experiments  and 
conclusions  set  forth  in  the  present  paper.  AVe  shall  treat  the  subject 
under  the  following  general  divisions  :  first,  a  comparison  of  the  com- 
position of  foreign  and  American  ferro- silicons ;  secondly,  the  in- 
quiry, whether  the  silicon  in  the  j)ig  is  retained  in  the  iron  when  re- 
melted;  and  thirdly,  the  inquiry,  whether  the  silicon  in  the  pig  is 
imparted  to  other  irons  during  remelting,  without  loss  of  silicon. 

I.  A  Comparison  of  the  Composition  of  Foreign  and  American  Ferro- 

Si  I  icons. 
To  make  this  comparison  we  have  selected  from  the  stock  of  irons 
in  our  possession, and  with  which  we  are  familiar,  having  repeatedly 
tested  them,  the  following  examples: 
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"  Govan "  ferro-silicon,  from  a  prominent  Montreal  firm,  the 
analysis  being  published  by  them,     (Marked  a,  in  Table  I.) 

A  foreign  ferro-silicon,  obtained  from  a  well-known  New  York 
broker,  and  analyzed  for  our  tests  by  Fleming.     (221  in  Table  I.) 

The  ferro-silicon  used  by  Professor  Turner  in  making  his  tests, 
the  analysis  being  published  by  him.  (This  iron  we  have  not  our- 
selves tested.     It  is  marked  6,  in  Table  I.) 

The  only  American  ferro-silicon  with  silicon  as  high  as  10  per 
cent,  that  we  have  heard  of  as  being  made  regularly,  is  the  "  Pen- 
cost"  brand,  the  producers  of  which  kindly  furnished  us  with  all  the 
metal  that  we  needed  for  our  experiments. 

Nos.  403  and  401  of  the  table,  representing  American  ferro-silicon, 
are  of  this  iron.  These  irons  were  analyzed  for  our  tests  by  Mr. 
Orton  and  Professor  Lord. 

We  add,  for  purposes  of  further  comparison,  four  analyses  of  two 
well-known  brands  of  Ohio  softeners,  namely,  "  Wellston  "  (c  and  d, 
analyzed  by  Britton)and  "Globe"  (No.  178,  analyzed  by  Setterwall, 
and  e,  analyzed  by  Orton). 

We  could  add  analyses  of  other  high-silicon  irons,  both  foreign 
and  American,  that  we  have  in  our  possession  ;  but  for  the  present 
purpose  these  will  suffice.  The  following  table  gives  the  analyses 
referred  to. 

TABLE  I. 
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6 
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Foreign,  "Govan  " 
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10.62 

9.80 

184 
.69 

.52 
1.12 

3.86 
2.32 
1.95 

.04 

.21 

.03 
.04 

"         (New  York  broker) 
"        used  by  Prof. Turner 

403 
401 

12.08 
10.34 

.06 
.07 

1.52 

1.92 

.76 

.52 

.48 
.45 
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tr. 

i. 
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o 

c 
d 
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e 

"       "Wellston" 

6.67 
5.06 
5.89 
6.64 

.30 

2.57 
2.85 

1.00 

.50 

.75 

1.10 

.99 

tr. 
.05 
.02 
tr. 

"      "Globe" 
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The  |)()iiits  which  attract  attention  in  this  table  are: 

1.  The  larjic  proportion  of  oonihincd  carhon  in  the  foreign  irons. 
If  this  carbon  remains  in  the  combined  state  after  the  ferro-silicon 
is  added  to  tlie  foiinthy  mixture,  it  will  tend  to  harden  the  resultant 
castinii;.  The  carbon  of  the  Americiin  ferro-silicon  is  in  the 
graphitic  state,  to  begin  with,  and  therefore  such  irons  should  be 
the  supcrioi'  softeners. 

2.  Manganese  in  the  foreign  irons  runs  much  higher  than  in  the 
American.  It  is  the  general  belief  that  manganese  acts  more  j)ower- 
fullv  than  silicon  and  in  an  opposite  direction,  causing  carbon  to 
assume  the  combined  state.  If  this  is  the  case,  a  large  j^art  of  the 
silicon  in  the  foreign  irons  would  be  needed  to  neutralize  the  effect 
of  tlieir  contained  manganese,  leaving  much  less  silicon  to  exert  a 
softening  influence  upon  the  combined  carbon  of  the  hard  iron  which 
it  is  expected  to  soften,  than  would  be  the  ease  if  the  manganese 
were  absent. 

In  the  American  silicon-irons  the  manganese  is  so  low  that  the 
silicon  is  free  to  act  directly  on  the  combined  carbon  of  the  iron  to 
which  it  is  added. 

3.  The  foreign  irons  are  nearly  free  from  phosphorus,  while 
"Pencost"  contains  about  one-half  of  one  per  cent,  and  the  other 
American  irons  which  we  have  mentioned  contain  about  one  per 
cent. 

We  may  remark  that  in  most  foundry  mixtures  phosphorus  will 
not  run  below  one-half  of  one  per  cent.,  and  therefore  the  effect  of 
the  phosphorus,  added  by  the  use  of  American  ferro-silicon,  will  not 
affect  the  mixture.  Such  a  small  quantity  of  these  high-silicon  irons 
is  needed  to  produce  desired  results,  that  if  they  contained  no  phos- 
phorus whatever  this  use  could  not  reduce  phosphorus  in  the  mixture 
one-tenth  below  it.s  former  amount. 

Again,  perhaps  a  small  percentage  of  phosphorus  in  foundry-iron 
may  do  more  good  than  harm. 

4.  We  observe  the  high  percentage  of  silicon  which  these  irons, 
both  foreign  and  American,  contain,  as  compared  with  the  Ameri- 
can softeners  made  in  former  years.  This  increase  in  silicon  per- 
centage has  led  to  the  name  ferro-silicon. 

II.  I.^  (he  Silicon  in  the  Pig  Retained  in  the  Iron  lohen  Remeltedf 

The  high-silicon  irons  are  made  in  a  furnace  at  a  very  high  tem- 
perature, and  it  has  been  asserted  that  when  remcltcd  in  the  foundry, 
at  a  much  lower  temperature,  the  iron  will  drop  much  of  its  silicon, 
which  will  be  carried  off  in  the  slag. 
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The  introduction  of  these  higli-silicon  irons  has  led  to  a  discussion 
as  to  the  relative  value  of  softeners,  with  high  or  low  silicon, 
and  also  as  to  the  relative  economy  in  the  use  of  a  10  per  cent, 
metal,  as  compared  with  an  iron  in  which  the  silicon  reaches  only 
half  that  percenta2:;e.  We  wish  it  distinctly  understood  that  we 
discuss  in  this  paper,  not  the  question,  whether  the  silicon  is  oxidized 
by  the  blast  of  the  foundry  cupola,  or  not,  or  how  much  may  be  lost 
in  that  way;  but  simply  whether  remelting  at  a  lower  temperature 
will  release  a  portion  of  the  silicon,  and  if  so,  in  which  iron,  that  is, 
high-  or  low-silicon  iron,  the  loss  is  the  less.  We  have  made  a 
number  of  tests  to  arrive  at  the  truth. 

We  secured  seven  pigs  of  "  Pencost "  ferro-silicon,  containing 
silicon  ranging  from  4^  to  12  per  cent.  These  pigs  (except  the  first 
one)  were  made  at  the  same  furnace  and  from  the  same  stock,  and 
under  the  same  general  conditions,  which  would  insure  a  similar 
composition  in  each,  except  as  to  the  silicon,  and  the  change  in 
carbon  which  the  variation  in  silicon  would  produce. 

Sets  of  test-bars  were  made  from  each  of  these  pigs  and  tested  by 
"  Keep's  Tests ; "  the  crucible-temperature  being  about  the  same  as 
that  of  the  foundry-cupola.  These  test-bars  were  then  again  reraelted 
and  a  second  series  of  bars  was  cast  and  tested.  Both  the  first  melts 
and  the  remelts  were  then  analyzed,  with  the  results  shown  in  the 
following  table : 
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.15 
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10.34 

401 

10.29 

'    409 

1 

10.24 

'     .05 

.05 
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.48% 

11.34 

402 

10.83 
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10.76 

1 

.51 

.07 

4.58% 

.64% 

1-2.08 

403 

11.68 

411 

11.48 

1     .40 

.20 

3.31% 

1.71% 

An  examination  of  these  results  reveals  that  on  the  first  melting 
the  irons  having  less  than  10  per  cent,  of  silicon  lost  on  an  average 
VOL.  xvn. — 17 
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0.55  per  cent.,  while  tlio.se  containing;  10  per  cent,  and  over  lost  2.80 
per  cent,  of  the  silicon  held  in  the  pi}^. 

On  the  second  melting  the  losses  are  twice  as  great  in  the  low  as 
in  the  high  percentages.  From  these  observations  we  conclude  that 
though  the  absolute  loss  is  greater  in  the  higher  numbers,  it  is  still 
so  small  in  all  cases  as  to  be  unworthy  of  considiM-ation. 

To  further  j)rove  the  question,  whether  irons  high  in  silicon  can 
hold  their  silicon  when  melted  at  lower  temperature,  a  seri(!s  of  pigs, 
from  an  Ohio  furnace  now  out  of  blast,  was  tested,  and  the  pigs  and 
bars  analyzed.  These  pigs  were  all  made  from  the  same  mixture 
of  ores  and  rcjiresent  all  the  grades  of  iron  made  at  the  furnace. 
The  results  appear  in  the  following  table: 

TABLE  III. 


No.  of 

Test. 


Grade  of  Iron. 


Silicon  in 
Original  Pig. 


Silicon  in 
1st  Melt. 


Loss  of 
Silicon. 


35 
34 
33 
3G 
39 
37 
38 
40 
41 
42 


Silvery  flaky. 


"        (open).., 

A.  1  Foundry... 

B.  l(Hot) 

B.  1  (Cold) 

No.  2  Foundry. 

No.  1  Mill 

White 


6.99 
6.8G 
6.82 
5.00 
5.15 
4.66 
4.05 
3.64 
3.57 
1.97 


0.92 
6.80 
6.75 
5.63 
5.20 

4.00 
3.44 
3.59 
1.98 


.07 
.06 
.07 
.03 
+.05 

.05 
.20 

+.02 
+01 


These  tests  show  great  uniformity  in  the  losses  of  .silicon,  which 
are  in  all  cases  trifling. 

A  careful  study  of  these  two  series  of  tests  of  Ohio  silicon-irons, 
the  silicon  ranging  from  2  to  7  per  cent,  in  the  ordinary  softeners, 
and  from  5  to  12  per  cent,  in  the  "Pencost"  ferro-sil icons,  or, 
taking  both  tables  together,  from  the  white  iron,  made  so  by  low 
silicon,  to  the  whitish  iron  produced  by  an  excess  of  silicon,  leads 
us  to  conclude : 

1.  That  silicon  pig-iron  loses  practically  none  of  its  silicon  in 
remelting,  through  being  melted  at  a  lower  temperature. 

2.  That  there  is  practically  the  same  actual  (not  proportional) 
loss  from  irons,  with  comparatively  low  silicon,  as  with  high,  and 
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therefore  one  is  as  economical  as  the  other,  so  far  as  the  silicon  is 
concerned. 

Before  leaving  the  question  of  loss  in  silicon,  clue  to  the  lower 
temperature  in  remelting,  let  us  compare  tlie  Icsses  in  foreign  with 
the  losses  in  American  ferro-sil icons.  In  the  following  table  we 
exhibit  the  determinations  of  silicon  in  a  16  per  cent,  ferro-silicon 
(396),  imported  by  a  prominent  New  York  broker;  a  12  per  cent, 
metal  (213),  imported  by  the  same  firm  ;  and  a  10  per  cent,  metal 
(214),  imported  by  a  Montreal  broker. 

These  samples  are  suflScient  to  represent  foreign  irons,  and  we 
introduce  Nos.  (403)  and  (401),  as  representing  American  ferro- 
silicous. 

TABLE  IV. 
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''        "  Govan  " 

403 
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American,  ''Pencost " 

12.08 
10.34 

11.68 
10.29 

11.48 
10.24 

3.31% 

.48% 

1.71% 

.48% 

I<                               U 

These  results  show  distinctly  that  these  foreign  irons  lose  in  remelt- 
ing more  than  the  American  irons  with  which  they  are  compared. 
We  will  not  endeavor  to  account  for  this  in  the  present  paper. 


III.  Is  the  Silicon  in  the  Pig  Imparted  to  other  Irons  without  Loss  f 

That  is,  will  ferro-silicon  hold  its  silicon  until  mixed  with  irons 
deficient  in  silicon  ;  and,  for  making  such  mixtures,  will  high  or 
low-silicon  iron  lose  most  silicon? 

To  arrive  at  conclusions  regarding  the.se  questions,  we  made  four 
series  of  melts.  Each  series  was  composed  of  four  casts  and  each 
cast  of  six  sets  of  test-bars.  We  used  for  these  a  white-iron  base 
(376),  with  0.186  per  cent,  silicon  and  a  gray-iron  base  (253),  with 
1.249  per  cent,  silicon;  and  for  adding  silicon  we  used  the  first  pig 
of  "  Pencost "  (397),  before  spoken  of.  containing  4.36  per  cent,  of 
silicon,  and  the  fifth  pig  (401),  containing  10.34  per  cent,  silicon. 
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The  first  serie.s  was  white  (376)  ami  ^^.36  per  cent,  of  ferro- 
silicon  (397). 

The  second  scries  was  white  (376)  and  10.34  per  cent,  of  ferro- 
silicon  (401). 

The  third  series  was  gray  "FLM."  (253)  and  4.36  per  cent, 
of  ferro-silicon  (397). 

The  fourth  series  was  gray  "FLM."  (253)  and  10.34  per  cent, 
of  ferro-silicon  (401). 

The  four  numbers  of  each  series  were  to  contaiu  respectively  1.5, 
2,  2.5  and  3  per  cent,  of  silicon.  Having  been  weighed  with  great 
care,  thev  were  melted  so  as  to  avoid  oxidation,  and  were  cast  into 
bars  and  tested,  when  each  set  of  bars  was  analyzed,  with  the  results 
shown  in  the  following  table: 

TABLE  V. 
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A  careful  examination  of  this  table  reveals  the  following  facts: 

1.  Losses  in  silicon  increase  as  the  percentage  of  silicon  in  the 
mixture  increases.  That  is,  an  iron  deficient  in  silicon  can  have  its 
silicon  raised  to  2  per  cent,  with  less  loss  than  if  raised  to  3  per  cent. 

2.  Tiosses  are  slightly  higher  when  using  the  10  per  cent,  than 
with  the  4  per  cent,  iron;  but  the  losses  are  so  small  in  all  cases  that 
no  commercial  discrimination  can  be  drawn  in  favor  of  one  class 
over  another  in  the  matter  of  economy  of  silicon.  In  the  extreme 
case  of  melting  a  white  iron  and  a  10  per  cent,  silicon  metal  together, 
to  produce  a  dark  soft  foundry-iron,  there  was  no  excessive  loss 
in  silicon. 
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IV.   General  Conclusions. 

We  may  draw  from  tlie  results  presented  the  following  general 
conclusions: 

1.  Pig-irons  of  any  grade  may  be  melted  and  cast  without  exces- 
sive loss  in  silicon  or  excessive  change  in  chemical  composition. 

2.  Ferro-silicons  lose  in  remeltinga  little  more  silicon  than  do  the 
softeners  containing  less  silicon;  but  the  difference  is  so  small  that 
commercial  distinction  is  not  possible. 

3.  In  alloying  silicon-irons  with  scrap  or  pig-iron  deficient  in 
silicon,  the  silicon  is  practically  all  retained  in  the  mixture,  and  no 
economy  in  silicon  results  from  the  use  of  one  class  of  American 
silicon-iron  over  another. 

4.  American  ferro-silicon,  so  far  as  we  have  investigated,  is  more 
economical  than  the  imjjorted,  and  probably,  in  most  cases,  softens 
to  a  greater  extent. 

We  think  that  we  have  accomplished  what  we  set  out  to  do.  Our 
discussion  is  altogether  from  a  chemical  standpoint,  and  we  have 
proved  that  the  founder  can  produce  a  desired  grade  of  casting  by 
compounding  suitable  irons,  as  cheaply,  if  not  more  so,  than  by 
purchasing  irons  in  which  the  combination  is  already  what  he  desires. 

As  soon  as  we  can  prejiare  a  report  upon  the  physical  character- 
istics of  these  irons  and  the  mixtures  that  we  have  made,  we  shall 
publish  such  results. 


HOT-SPRING  FORMATIONS  IN  RED  MOUNTAIN  DISTRICT, 

COLORADO:  A  REPLY  TO  THE  CRITICISMS  OF 

MR.  EMMONS. 

BY  THEODORE  B.  COMSTOCK,  CHAMPAIGN,   ILL. 

(Buffalo  Meeting,  October,  1888.) 

The  paper  of  Mr.  S,  F.  Emmons  on  the  structural  relations 
of  ore-deposits,  presented  at  the  Boston  meeting  in  February  last, 
having  been,  as  I  am  informed,  unavoidably  delayed  in  publication, 
was  not  distributed  in  the  preliminary  edition  to  members  until  im- 
mediately before  the  sheets  of  Volume  XVI.  of  the  Transactions, 
containing  it,  were  sent  to  press.  Consequently,  I  saw  it  for  the 
first  time  too  late  to  offer  any  comments  which  might  have  ac- 
companied it  in  that  volume.     This  is  my  justification  for  present- 
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ing  as  a  separate  coiitrilxitioii  to  a  subsequent  volume  what  would 
have  been  more  appropriately  jilaced  as  a  part  of  the  discussion  of 
Mr.  Emmons's  ])aper,  and  also  for  repeating  here,  from  Volumes 
XV.  and  XVI.  the  passages  necessary  to  explain  the  point  at  issue. 
In  a  paper  on  the  geology  and  vein  structure  of  southwestern  Col- 
orado, T  used  the  following  words  {Trans,  xv.,  260)  concerning  the 
Red  Mountain  district,  in  that  region: 

"  Tlie  district  is  |)eciiliaily  ilie  area  of  secondary  action,  the  locus  par  excellence  of 
the  hot  springs.  Kitlier  tliis  section  was  well  protected  during  the  Glacial  period, 
or  the  ore-deposits  which  have  made  the  district  famous  are  of  post-Glacial  date. 
There  is  every  reason  to  adopt  the  latter  view,  and  this  will  explain  ranch  of  what 
would  otherwise  seem  puzzling  in  the  present  drainage.  It  would  be  presumptuous 
for  me  to  controvert  Messrs.  Becker  and  Emmons  upon  their  own  ground  ;  but  I 
strongly  suspect  that  tiiey  liave  worked  too  much  in  fields  where  only  the  latest 
phases  of  vein-formation  are  well  ex{>ressed.  I  have  now  examined  nearly  every 
prominent  mining  district  between  latitude  37°  N.  and  latitude  49°  N.,  east  of  the 
meridian  of  112°.  In  all  that  territory  1  have  had  no  evidence  of  the  local  segrega- 
tion of  ore-deposits  where  one  of  the  prime  conditions  was  not  the  prior  existence 
of  a  vein  or  other  special  deposit  containing  the  metal.  Every  requisite  except 
this  has  existed  in  many  places  in  the  west,  in  our  district  as  well  as  northward, 
yet  there  are  numerous  instances  in  which  no  such  deposits  were  formed.  All  over 
the  central  San  Juan  area  there  are  the  relics  of  hot  springs,  some  of  which  are 
active  to-day.  In  not  a  few  of  these,  but  always  where  veins  occur,  ore-masses 
have  been  segregated  ;  but  many  of  them  which  traversed  the  same  country-rock  at 
the  same  period  have  left  no  metalliferous  deposits  except  the  iron  oxide  which  is 
almost  universal. 

"Along  the  line  of  the  axes  of  the  Arsenical  and  Antimonial  zones  previously 
mentioned,  for  the  distance  of  fifteen  miles,  Red  Peak  lying  about  midway,  the  hot 
spring  formations  are  abundantly  exposed.  The  area  of  greatest  activity  was  in 
what  is  now  the  Red  Mountain  mining  district.  For  about  three  miles  along  the 
upper  end  of  Red  creek,  a  belt  not  more  than  three  miles  in  extreme  width,  but 
extending  across  the  divide  towards  Cement  creek,  thence  south  along  the  Red 
Mountains  to  the  junction  of  North  Mineral  and  South  Mineral  creeks  and  beyond, 
there  is  a  belt  of  extinct  hot  springs  which  rivaled  those  now  existing  in  the 
Yellowstone  Park.  The  ore-deposits  in  the  heart  of  this  mining  di.strict  are  com- 
monly in  mounds  or  ridges  of  siliceous  sinter,  and  very  many  of  them  are  extinct 
gevser-chimneys.  No  one  can  rightly  interpret  the  structure  of  this  area  without 
some  familiarity  with  such  phenomena  as  are  to  be  witnessed  to-day  in  the  Park." 

In  his  recent  paper,  Mr.  Emmons  comments  {Trans,  xvi.,  809) 
upon  this  passage  as  follows: 

"  Owing  to  the  vagueness  of  Mr.  Comstock's  statements,  and  his  many  miscon- 
ceptions of  geological  facts,  we  cannot  always  be  sure  of  his  meaning;  but  from  a 
careful  consideration  of  this  pai)er  I  infer  that  he  considers  the  head  of  Red  Moun- 
tain creek  in  that  region,  which  he  calls  a  crater-like  depression,  to  be  an  extinct 
geyser-basin,  and  that  the  ore  deposits  opened  by  the  mines  now  worked  there  have 
been  formed  by  geysers.     Now,  a  geyser,  as  its  name  implies,  is  a  spring  which 
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violently  ejects  its  waters  into  the  .atmosphere,  and  hence,  even  more  than  other 
springs,  is  essentially  a  surface-phenomenon. 

"  As,  since  the  ore-deposits  of  Red  Mountain  basin  were  formed,  something  like 
2000  feet  in  thickness  of  rock-material  have  been  eroded  away  to  form  the  basin,  it 
is  evident  that  they  could  not  have  been  formed  by  a  geyser,  nor  can  it  be  deter- 
mined at  the  present  day  whether  geysers  ever  existed  there  or  not.  Apparently, 
Professor  Comstock  has  thought  to  find  a  resemblance  between  certain  rounded 
ridges  of  light-colored  rock  near  these  mines  with  the  mounds  formed  by  deposits 
from  the  springs  in  the  Yellowstone  Park.  Instead,  however,  of  being  surface  de- 
posits, they  are  simply  portions  of  the  andesitic  country-rock  from  which  acid 
waters  have  removed  the  basic  constituents,  perhaps  depositing  a  certain  amount 
of  silica  in  their  place;  the  resulting  quartzose  masses  offering  greater  resistance 
to  the  disintegrating  effect  of  atmospheric  agents  and  to  erosion  than  the  surround- 
ing rocks,  have  been  left  as  mound-like  ridges  protruding  above  the  general  surface, 
more  or  less  independent  of  the  natural  drainage-channels. 

''  There  are  abundant  mounds  formed  by  deposits  from  springs  in  the  vicinity  of 
Red  Mountain,  but  they  consist  mainly  of  bog-iron,  and  are  formed  by  oxidizing 
surface-waters  passing  through  and  decomposing  bodies  of  sulphides  of  the  metals, 
whose  action  is  cpiite  distinct  from,  and  in  some  sense  the  reverse  of  those  which 
originally  formed  these  bodies." 

I  am  not  aware  of  any  greater  degree  of  "  vagueness"  in  my 
statements  than  was  necessitated  by  the  wide  range  of  observations 
generalized  in  my  paper.  It  was  impossible  to  enter  into  all  the 
details,  even  though,  by  so  doing,  I  might  have  forestalled  some 
mistaken  censure.  As  to  my  "  many  misconceptions  of  geological 
facts"  (none  of  which  are  specified,  unless  what  appears  above  is 
intended  as  a  sj)ecification),  T  will  not  affect  to  consider  the  phrase 
intentionally  offensive.  Mr.  Emmons  has  more  than  once  charac- 
terized in  this  tone  the  views  of  abler  men  than  myself,  who  differed 
with  him  upon  subjects  connected  with  vein-formation  ;  and  I  am 
accustomed  to  consider  it  as  nothing  more  than  his  way  of  describing 
an  interpretation  of  geological  facts  which  does  not  agree  with  his 
own.     It  is  not  worth  while  to  resent  a  mere  idiosyncrasy. 

But  Mr.  Emmons  is  not  warranted  by  anything  in  my  mention  of 
the  Red  Mountain  district  in  inferring  that  I  suppose  the  deeper  ore- 
deposits  opened  by  the  mines  now  worked  there  to  have  been  formed 
by  geysers.  I  had  observed  the  fact  that  certain  mounds  in  the  Red 
Mountain  basin  have  such  structural  peculiarities  (not  surface-con- 
tours merely)  as  indicate  an  origin  similar  to  that  of  the  ge3'ser- 
mounds  of  the  Yellowstone  Park.  In  stating  my  conclusions  that 
many  of  these  mounds  or  ridges  of  siliceous  sinter  are  extinct  geyser- 
chimneys,  I  did  not  express  the  idea  that  the  original  formation  of 
the  ore-bodies  which  do  undoubtedly  occur  in  them,  was  due  to 
geyser-action.     On  the  contrary,  as  the  context  clearly  shows,  I  be- 
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liove  tlic  indications  are  that  only  the  so-called  secondary,  or  oxi- 
di/eil  (k'i)()sits,  were  the  jjroduets  of  that  staoie. 

]\rr.  Eninions  has  detected,  in  his  raj)id  snrvey,  what  is  very 
familiar  to  nie  also,  namely,  the  "  ronnded  ridges"  resulting  from 
disintegration  and  erosion  ;  and  he  infers  without  reason  that  my 
views  are  based  upon  a  mistaken  notion  as  to  the  character  of  these 
forms  of  relief.  As  my  generalization  rests  upon  other  grounds 
entirely,  his  exposure  of  my  suj)posed  error  is  not  pertinent. 

It  should  be  added  that  many  of  the  mines  now  worked  in  this 
district  have  been  opened  since  my  paper  was  written,  in  1886.  The 
Yankee  Girl  (the  only  one  named  by  Mr.  Emmons  in  i»is  criticism) 
is  in  a  dit!erent  ])art  of  the  basin,  and  presents  none  of  the  surface- 
features  to  which  my  statement  makes  allusion.  Moreover,  in  the 
same  paper  [Trans,  xv.,  *261)  it  was  remarked  that  "the  Yankee 
Girl,  Guston,  Congress,  etc.,  appear  to  occupy  the  bowls  of  non- 
sintering  springs,"  and  no  claim  was  put  forward  that  any  of  them 
are  in  geyser-mounds,  AVhen  the  paper  was  written  very  little  de- 
velopment had  been  made  at  those  points,  and  no  very  definite  state- 
ment could  be  uttered  concerning  them. 

It  is  quite  possible  that  the  views  I  have  expressed  may  be  modi- 
fied or  disproved  by  the  progress  of  mining  developments  and  more 
thorough  geological  field-work.  But  such  as  they  are,  they  express 
the  results  of  a  study  of  the  rock-structure  over  many  square  miles  of 
territory,  and  not  of  the  whimsical  or  superficial  reasoning  which 
my  critic  assumes.  The  structural  geology  of  that  region  is  only 
beginning  to  be  unravelled  ;  and  Mr.  Emmons,  who  has  won  such 
deserved  credit  by  his  faithful  and  intelligent  labors  in  other  parts 
of  Colorado,  should  not  make  haste  to  condemn,  before  he  has  even 
comprehended,  the  observations  and  deductions  of  other  conscientious 
workers.  The  conclusions  reached  by  Mr.  Emmons  in  his  recent 
paper  are,  so  far  as  they  affect  the  same  areas,  equivalent  to  the 
view  expressed  by  myself  early  in  I086,  as  a  comparison  of  the 
two  articles  will  show. 


THE  MINING  INDUSTRY  IN  ITS  BELATION  TO  FORESTRY. 

BY  B.  E.  FERNOW,  CHIEF  OF  FORESTRY  DIVISION,  WASHINGTON,  D.  C. 

(Buffiilo  Meeting,  October,  1S8S.) 

In   order  to  ascertain   to  what   extent  the  mining  industry  has 
been  dependent  upon  forest-supplies,  for  the  purpose  of  a  report  upon 
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the  relation  of  mining  to  forestry,  Mr.  F.  P.  Dewey,  curator  at  the 
National  Museum,  undertook  at  my  instance  to  canvass  the  several 
mining-districts.  As  is  usual  with  such  inquiries,  the  result  does 
not  compare  witli  the  effort,  and  one  is  led  to  mourn  the  absence  of 
general  interest  in  an  important  economic  question,  even  among  so 
enlightened  a  body  of  citizens  as  the  Mining  Engineers. 

If  an  appeal  to  the  members  of  the  Institute  could  be  expected 
to  produce  a  reform  of  their  ways  in  this  particular,  I  would  call 
upon  them  to  send  us  voluntarily  the  information  they  have  on 
mine-timbering,  a  subject  which  has  found  but  little  recognition  in 
the  literature  of  mining  in  this  country,  and  concerning  which  a 
compilation  of  usages  and  experiences  in  different  localities  would 
form  a  desirable  contribution,  at  least  to  the  history  of  mining.  It 
may  be  sad,  as  the  poet  assures  us,  to  reflect  upon  what  might  have 
been  ;  but  it  is  wholesome  to  know  what  has  been  and  is,  and  to 
consider  what  will  be, — or  even,  now  and  then,  what  ought  to  be. 

The  questions  of  main  importance  in  the  above-mentioned  inquiry 
were  comprised  in  the  circular  shown  on  the  following  page. 

Of  the  3,000  circulars  sent,  about  20  per  cent,  received  replies, 
and  of  these  but  one-half  have  been  found  of  value. 

From  the  data  thus  obtained  it  is  evident,  that  only  a  rough 
estimate  can  be  made  as  to  the  probable  consumption  of  timber  in 
mining  operations.  The  uncertainty  of  figuring  upon  so  scanty  a 
basis  is  of  course  increased  by  the  fact  that  the  use  of  timber  in 
mines  varies  beyond  computation  even  in  the  different  mines  of  the 
same  region,  according  to  the  condition  of  the  walls,  drainage,  depth, 
kinds  of  timber,  etc.  It  is  merely  in  order  not  to  be  without  some 
figures  in  these  days  of  statistics,  that  I  have  attempted  to  compute 
the  probable  annual  consumption  for  mine-timbering. 

The  result  thus  tentatively  reached  is,  in  round  numbers, 
150,000,000  cubic  feet  of  wood  per  annum. 

Of  this  consumption  we  can  with  some  degree  of  certainty  claim 
35,<J00,000  cubic  feet  of  mine-timber  for  the  anthracite  mines,  being 
at  the  rate  of  about  one  cubic  foot  per  ton.  This  estimate  is  based 
upon  the  actual  consumption  of  the  Philadelphia  and  Reading  Coal 
and  Iron  Company,  mining  over  15  per  cent,  of  the  total  out-put. 
Figuring  upon  the  same  basis,  from  six  to  seven  million  cubic  feet 
of  sawed  lumber  would  be  needed  outside  the  mines.  Other  reports 
representing  anotijer  15  per  cent,  of  the  out-put,  give  the  consump- 
tion at  something  less  than  one-third  of  a  cubic  foot  per  ton. 

The  bituminous  coal-mines  use  less  timber  per  ton,  but  produce 
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CiRcui.AU  OF  Inquiry. 

o.   (iivo  llie  ri'jjidti  covered   by  your  answers  (wliether  a  mining  dislriet,  a  group 
of  mines,  several  isolated  mines,  or  a  single  mine). 

b.  (live  area  of  timber  owned  or  controlled  by  users. 

c.  ^\'llat  is  the  condition  and  outlook  of  iiome  supply  of  timber. 

(/.  If  any  systematic  jtlan  of  cutting  timber  or  providing  for  future  supply  is 
followed,  describe  it. 


1.  TIMBER. 

Anumnt  used, 
(in  1,000  feet,  li.  M.) 

Previous  to 

1880.         1880.    1881.    1882.    1883.    1884.    1885.    1886. 

Total 

Above  ground 

Underground 

For  new  work 

For  renewals 

Value  at  mine 

Where  obtained 

Distance  transported 

Kinds,  with  relative   proportion 
of  each 

2.  TIMBERTNG. 

Give  methods  of  setting  timbers,  with  sketches  a 
method  is  used. 

Give  average  life  of  different  timbers  in  the  min 

nd  character  of  ground  in  which  each 

3.  MINE. 

When  opened?    .. 

Distance  from  railroad  or  water  transportation? 

19 

PRODUCT. 

Previous  to 

1880.          1880.    1881. 

1882.    1883.    1884.    1885.  1886. 

Gross  amount 

WALLS. 

Foot 

Depth  attained 

4.  GENERAL  REMARKS. 
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more  coal.  Figuring  at  the  rate  of  one-half  of  a  cubic  foot  per  ton, 
which  seems  to  be  the  average  in  the  Cumberland  reti;ion  (the  re- 
ports from  other  fields  being  lower,  and  from  Westmoreland  higher 
— 1^  cubic  feet),  the  total  consumption  of  mine-timber  would  about 
equal  that  in  the  anthracite-mines;  and,  adding  a  similar  quota  for 
outside  use,  the  total  consumption  of  timber  for  coal-mining  may  be 
safely  placed  in  round  numbers  at  85,000,000  cubic  feet  annually, 
the  continual  supply  of  which  would  require  a  forest-reserve  of  not 
less  than  2,000,000  acres  of  well-stocked  forest. 

The  use  of  timber  in  iron-mines  varies  considerablv.  While  some 
of  the  Lake  Suj)erior  mines  seem  to  require  over  2  cubic  feet  per 
ton,  the  open  pits  of  othtr  districts  make  little  denninds  for  timber. 
An  estimate  of  7,500,000  cubic  feet  for  the  7,500,000  to  8,000,000 
tons  of  iron-ore  mined  may  appear  reasonable. 

In  regard  to  precious  metal  and  other  mines,  the  basis  for  any 
kind  of  estimate  is  absolutely  wanting:  the  data  are  too  few. 
While  the  Bodie  mine,  for  instance,  used  4-J  cubic  feet  per  ton  of 
ore,  the  Ontario  could  mine  100  tons  with  the  average  expenditure 
of  6J  cubic  feet.  On  the  other  hand,  again,  the  consumption  in 
such  mines  as  those  on  the  Comstoek  lode  and  at  Leadville,  where 
large  ore-bodies  are  stoped,  and  the  Nevada  system  of  timbering  and 
cribbing  is  employed,  is  enormous. 

I  think  it  safe  to  say  that  the  estimate  of  a  total  annual  consumption 
for  mining  purposes  in  the  United  States  of  150,000,000  cubic  feet 
of  wood,  which  is  here  simply  set  down  as  the  first  round  guess  in  this 
direction,  is  considerably  below  the  truth. 

In  comparison  with  the  general  consumption  of  wood  in  the 
United  States,  which  must  amount  annually  to  over  20  billion  cubic 
feet,  these  figures  do  not  allow  us  to  point  out  the  mining  industry 
in  general  as  a  leading  factor  of  the  exhaustion  of  our  timber-sup- 
plies. Yet  in  some  regions  the  question  of  the  supply  of  mining- 
timber  has  already  attained  sufficient  importance  to  call  for  its 
consideration. 

In  the  Pennsylvania  coal-region  the  near-by  supply  is  rapidly 
diminishing,  making  longer  haulage  necessary.  In  fact,  the  com- 
panies and  operators  reporting  to  the  Forestry  Division  draw  their 
supplies  mostly  30  to  40  miles,  and  some  of  them  80  miles,  to  their 
fields  of  operation.  Even  from  the  famous  timber-region  of  northern 
Michigan,  this  state  of  affairs  is  reported.  In  Utah,  the  scanty 
home  supply  would  have  been  used  up  long  ago,  but  for  some  im- 
portation of  California  timber,  upon  which  also  the  Nevada  mines 
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iicnv  rely  almost  cntiivly.  The  Montana  ininos  are  using  enormous 
(|nantities,  mneli  more  than  ean  he  Turnished  for  any  length  of  time 
hy  the  limited  homo  supplies.  In  Butte  City,  the  great  Anaconda 
mine  alone  eonsnmed  last  year  over  1,000,000  eubie  feet  of  niining- 
and  hiiilding-timber  ;  and  the  consumption  of  firewood  forsmelting, 
ete.,  in  this  one  camp,  was  estimated  at  a  round  300,000  cords  per 
antuim. 

While  to  the  mine-superintendent  other  questions  of  inanagetnent 
may  seem  more  important  at  present,  the  (piestion  of  timbering 
with  regard  to  economy  in  the  use  of  the  material  may  soon  become 
moineutoiiSj  as  the  general  ItimlxT-market  is  bound  to  advance  in 
l)rice  with  increased  demaml  and  decreased  supply,  for  the  repro- 
duction of  which  nothing  but  nature's  slow  processes  are  relied 
upon. 

The  low-grade  ores  of  Utah,  which  are  awaiting  a  comparative 
exhaustion  of  their  richer  neighbors,  may  have  to  wait  longer  for 
their  day  of  prosperity,  because  the  days  of  cheap  timber  are  pass- 
ing; and  the  competition  in  coal-mining  may  make  the  closest 
economy  in  every  direction  essential,  just  as  it  has  become  a  necessity 
for  makers  of  charcoal-iron  to  study  economical  processes  of  char- 
coal-production, in  order  to  compete  with  other  manufactures  or 
wnth  localities  which  have  not  yet  exhausted  or  reduced  their  easily- 
obtainable  wood-sni)plies. 

The  typical  Western  man,  wholly  occupied  in  building  up  the 
present,  and  accustomed  to  shift  along  as  best  he  may  with  the 
means  at  hand,  gives  little  thought  to  future  needs,  confident  that 
some  way  will  be  found — whatever  that  niay  be — to  supply  them. 
Thus,  his  first  suggestion,  when  shown  the  possible  exhaustion  of 
timber-suj)j)lies,  would  be  that  w^e  might  perhaps  do  without  tim- 
bering; that  metal  structures  may  in  future  furnish  a  cheap  substi- 
tute, at  least  in  part,  and  in  permanent  situations;  or  that  caving-in 
systems,  or  rock-filling,  may  prove  capable  of  more  extensive  appli- 
cation. The  latter  system,  which  has  recently  been  discu.ssed  in 
several  papers  before  the  Institute,  and  is  used  to  more  or  less 
extent  in  the  Michigan  iron-mines  and  elsewhere,  certainly  recom- 
mends itself  in  respect  of  safety,  permanence  and  facility  for 
exhaustive  mining,  and  on  account  of  the  inexhaustible  supply  of 
the  filling  material  it  employs.  Even  in  the  ^Eenominee  range, 
once  one  of  the  best-timbered  sections  of  the  country,  this  method 
seems  to  have  proved  itself  almost  50  per  cent,  cheaper  than  the  use 
of  timbering. 
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The  discussion  of  the  possibility  of  extending  the  use  of  these 
systems,  or  other  substitutes  for  expensive  timbering,  T  leave  to  the 
mining  operators  themselves,  as  most  competent  to  decide  on  the 
adaptations  of  each  to  special  conditions.  In  this  paper  I  shall 
confine  ravself  to  a  brief  discussion  of  the  economies  which  may  be 
exercised  in  the  use  of  timber  in  mining,  and  the  means  in  the  i)ower 
of  the  mine-operator  for  extending  the  supply  of  this  material. 

First,  concerning  the  use  of  timber  in  the  mine,  it  may  be  possible 
to  be  more  careful  in  determining  the  necessary  sizes,  aitliough  the 
consideration  of  safety  and  tlie  impracticability  of  calculating  the 
strain  exerted  by  the  load  which  the  timbers  have  to  support,  will 
hardlv  warrant  us  to  look  for  much  saving  in  that  direction.  A 
more  probable  gain  of  economy  may  be  found  in  the  selection  of  the 
kinds  used  for  timbering,  so  that  more  durable  kinds  shall  be  em- 
ployed, and  the  necessity  for  replacing  reduced  to  a  minimum. 
Even  in  this  direction,  there  is  but  little  hope,  except,  perhaps,  in 
the  more  permanent  constructions  of  shafts,  winzes,  etc.  From  the 
reports  received  by  Mr.  Dewey,  it  appears  that  the  duration  of  dif- 
ferent timbers,  as  well  as  of  the  same  timber  in  different  mines,  is 
exceedingly  variable,  depending  on  the  nature  of  the  mine  and 
especially  its  drainage-conditions  and  ventilation.  But  h\v  reliable 
observations  are  obtainable  under  this  head,  by  reason  of  the  fre- 
quent changes  of  management  and  the  general  unconcern  about  the 
fate  of  timbering  after  stopes  have  been  abandoned.  The  following 
list  of  species  which,  under  all  circumstances,  may  be  expected  to 
withstand  decay  most  effectually,  presents  a  series  proceeding  in 
general  from  the  more  durable  to  the  less  durable  ones. 

Eastern  Range. 

Conifers:  Red  Cedar,  Juniperus  Virginiana,  L. ;  White  Cedar, 
Chamaecjjparis  sphoeroidea,  Spach. ;  Arbor  Vitse,  Thuya  occiden- 
talis,\j.;  Bald  Cypress,  Taxodium  distichum,  Rich.;  Long-leaved 
Pine,  Pinus  jpalustris,  Miller;  Red  Pine,  Plnus  resinosa,  Ait.; 
Cul)an  Pine,  Finns  cubensis,  Griseb. ;  Short-leaved  Pine,  Plnus 
mitis,  Michx. 

Broad-Leaved  Trees:  "White  Oak,  Quercns  alba,  L.  ;  Post 
Oak,  Q'lercus  obtusiloba,  Michx.;  Chestnut  Oak,  Quercns  prinus, 
L. ;  Live  Oak,  Quercns  virens,  Ait.;  Basket  Oak,  Quercns  Micli- 
auxii,  Nutt. ;  Burr  Oak,  Quercns  macrocarjja,  Michx.;  Osage 
Orange,  J/ac/(o-a  aurantiaca,  Nutt.;  Hardy  Catal pa,  Catalpa  spe- 
ciosa,  Warder ;    Black  Locust,  Robinia  pseudacacia,   L. ;    Honey 
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Ijocust,    Glcditschin   trincanthos,  L. ;  Red    ^fulherry,  3Ioriis  rubra, 
L. ;  Cliestiuit,  Castanca  riih/arix,  var.  Americana,  A.  D.  C. 

Rocky  Mountain  Region. 

Red  Vvdixv,  Jan i penis  Virf/iniana,  L. ;  Pinyon  Pine,  Phms  edulis, 
Engelm.;  Fox-tail  Pine,  I'inn.s  Balfourlana,  Murray;  Douglas 
Spruee,  PxeudotsHga  Doug/a.sii,  Carr. ;  Western  Larch,  Larix  occi- 
dottafifi,  '^utL;  Burr  Oak,  Qiiercus  macrocarpa,  Miclix. 

Pacific  Slope. 

Yew,  Ta.vus  brevifolia,  Nutt. ;  Redwood,  Sequoia  sempervirens, 
Eiidlielier ;  Lawson's  Cypress,  Chamaecijparis  Lawsoniana,  Pari.; 
Canoe  Cedar,  Thuya  giganfea,  Nutt, ;  Douglas  Spruce,  Pseudotsuga 
Douglasii,  Ciirr.  ;  Western  Laroli,  Larix  occidenfalis,  ^y\tt. ;  Live 
Oak,  Qucrcus  chrysolepis,  Liebm. ;  Post  Oak,  Qaercus  Garryana, 
Dougl. 

In  this  connection  it  may  be  interesting  to  note  also  that  of  two 
pieces  of  wood  of  the  same  kind  the  heavier  is  the  more  durable; 
that  quickly-grown  hard  woods,  with  wide  annual  rings,  and  slowly 
grown  conifers  with  narrow  (yet  not  too  narrow)  rings,  and  j)ines 
tajiped  for  turpentine  (on  the  tapjied  side),  yield  as  a  rule,  other  con- 
ditions being  equal,  the  most  durable  wood.  Coniferous  wood  from 
comparatively  poor  soils,  high  altitudes  and  dense  forests,  and  hard 
woods  from  rich,  deep,  warm  soils  and  isolated  positions  are,  there- 
fore, most  durable.  The  resinous  substances  in  conifers  form  an 
element  of  resistance  to  decay. 

With  regard  to  the  influence  which  the  time  of  felling  exerts 
upon  the  durability  of  timber,  it  may  be  said  that,  with  proper 
after-treatment  of  the  wood,  the  time  of  felling  seems  not  to  affect 
its  durability.  Early  winter-felling  (December),  however,  should 
have  the  preference,  because  a  smaller  amount  of  fermentable  sap  is 
then  in  the  trees.  If  the  wood  is  cut  "in  the  sap,"  it  is  more  liable 
to  fermentation.  When  it  becomes  necessary  to  cut  in  the  leaf,  it  is 
advantageous  to  let  the  trees  lie  at  full  length  until  the  leaves  are 
thoroughly  withered  (two  or  three  weeks)  before  cutting  to  size. 
With  conifers  this  is  good  practice  at  any  season  ;  and,  if  it  can  be 
done,  all  winter-felled  trees  shouhl  be  left  lying  to  leaf  out  in  spring, 
by  which  most  of  the  sap  is  worked  out  and  evaporated.  If  the 
timber  is  not  to  be  used  at  once  in  the  mine,  and  especially  if  it  is 
to  be  used  in  dry  mines,  it  is  well  to  give  attention  to  the  treatment 
after  felling  and  to  seasoning. 
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Removing  tlie  bark  from  felled  timber  aids  seasoning. 

The  logs  should  never  be  allowed  to  lie  directly  on  the  moist 
ground. 

If  winter-felled,  the  timber  should  be  shaped  to  size  within  two 
weeks  after  felling  and  left  placed  on  blocks — not  upon  the  soil — in 
the  ^v■ood  ;  or  if  shaped  at  home,  the  sticks  should  be  placed  in  a 
dry,  airy — not  windy — position,  aw^ay  from  the  sun  and  rain. 

If  dried  too  rapidly,  wood  warps  and  splits;  the  cracks  collect 
water,  and  the  timber  is  then  easily  attacked  and  destroyed  by  rot. 

The  application  of  processes  of  wood-preservation,  for  a  short 
practical  resumS  of  which  I  refer  to  Bulletin  No.  1  of  the  Forestry 
Division,  Department  of  Agriculture,  may  in  certain  localities  and 
under  certain  conditions  be  warranted,  at  least  for  the  more  per- 
manent structures,  and  in  mines  where  conditions  are  specially 
favorable  to  decay.  This  will,  of  course,  be  a  question  of  compara- 
tive cost,  for  the  answer  of  which  the  table  on  page  107  of  the  pub- 
lication mentioned  will  prove  a  welcome  assistance. 

With  all  economy  in  the  use  of  material,  however,  the  ultimate 
necessity  of  securing  a  reproduction  of  the  supplies  of  timber  by 
forest-management  wmII  not  be  obviated.  This  entails  upon  the 
mine-operators  in  the  Western  mountains,  that  they  take  an  interest 
in  the  manner  in  which  the  timber  on  Government  land  is  disposed 
of;  in  the  regulations  for  its  cutting;  in  the  protection  of  the  forest 
against  fire  and  wasteful  use;  in  fact,  in  a  proper  management  of 
the  public  timber-domain. 

The  present  lack  of  management,  it  is  admitted  by  every  honest 
observer,  is  most  objectionable  and  unsatisfactory,  wasteful  in  the 
highest  degree,  full  of  annoyance  to  the  present  consumers  of  the 
timber,  and  detrimental  to  all  future  interests.  The  fault  does  not 
lie  so  much  with  the  executive  power  as  with  the  legislative,  ^vhich 
fails  to  recognize  the  need  and  the  requirements  of  a  proper  forest- 
management,  and,  by  inadequate  appropriations  for  an  insufficient 
protective  service,  w'astes  money  and  property,  doing  no  good  but, 
on  the  contrary,  much  harm,  antagonizing  present  interests  without 
benefiting  future  ones. 

Before  the  present  Congress  there  has  been  a  bill  appropriating 
$500,000  for  the  organization  of  a  forest-management  of  the  public 
timber  lands,  which  has  met  the  hearty  endorsement  of  many  prom- 
inent Western  men,  as  particularly  adapted  to  the  conditions  pre- 
vailing in  the  Rocky  Mountain  region,  where  the  bulk  of  the  public 
timber-domain  is  situated. 
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Ill  s|)ite  of  abundant  and  cnninlativo  proof  that  no  improvement 
in  prt'vailino;  j)ra('tit'c'.s  can  be  expected  without  thorough  organiza- 
tion and  proportionate  expenditure,  this  bill  has  not  only  not  re- 
ceived any  consideration  whatever  in  the  House  of  Representatives, 
but  u  substitute,  which  does  not  remedy  but  increases  the  difficul- 
ties of  the  case,  has  been  passed;  and,  without  some  exertion  on  the 
jiart  ol"  those  most  nearly  interested  in  this  legislation,  namely, 
the  Western  mine-operators,  they  will  suddenly  find  themselves 
worse  off  in  regard  to  timber-supply  than  they  have  been  hitherto, 
being  forced  to  become  depredators,  or  at  least  the  abettors  of 
thieves  and  depredators. 

Where  the  mine-operator  is  owner  of  natural  woodlands,  as  is  not 
unfrcquently  the  case  in  the  East  and  South,  he  can  do  much  to 
recuperate  the  ground  cut  over  by  simple,  intelligent  management. 
Such  management  consists  in  cutting  with  a  view  to  favoring  the 
natural  reproduction  of  the  desirable  kinds.  The  present  j)ractice 
is  to  cut  out  the  desirable  timber  wherever  it  is  found,  leaving  in- 
ferior hinds  and  inferior  trees  standing;  and  these,  by  their  shade 
and  drip,  prevent  the  growth  of  a  new  crop  of  better  kinds.  Re- 
moval of  the  inferior  overtopping  trees  at  the  proper  time,  that  is, 
after  a  young  croj)  is  secured,  is  often  all  that  is  necessary  to  remedy 
this  evil. 

It  would  be  difficult,  well-nigh  impossible,  in  a  short  paper,  to 
explain  in  detail  the  proper  management  of  a  wild  forest  for  repro- 
duction. This  must  needs  differ  in  every  locality,  with  every 
species,  and  offers,  at  times,  complicated  problems,  the  solution  of 
which  requires  the  knowledge  and  direction  of  an  expert.  In  coni- 
ferous woods,  which  reproduce  only  from  seed,  it  will  be  best  to 
manage  en  fcAefon,  i.e.,  by  clearing  strips  and  leaving  the  trees  stand- 
ing to  wjndward  to  seed  the  clearing.  This  may  sometimes  take 
several  seasons,  according  to  the  frequency  and  proficiency  of  .seed- 
years — for  conifers,  as  a  rule,  do  not  seed  every  year  plentifully. 
The  breadth  of  the  clearing — on  which  occasional  reserves  with  not 
too  spreading  crowns  may  be  left — should  be  made  from  200  to  300 
feet,  according  to  the  distance  to  which  the  wind  can  carry  the  seed 
easily. 

In  deciduous  woods,  which  reproduce  themselves  from  the  stump 
as  well  as  from  seed,  care  must  be  taken  to  keep  in  check  the  in- 
ferior kinds,  which  are  usually  more  rapid  growers,  seed  more  plen- 
tifully, and,  if  given  full  enjoyment  of  light,  soon  overtop  and 
impede  in  growth,  or  crowd   out  entirely,  their  slower   neighbors. 
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In  managing  such  deciduous  growths,  it  is  necessary  to  cut  out  the 
inferior  timber  a  few  years  before  the  main  crop  is  utilized,  thus 
giving  preponderance  and  better  chance  for  seed-production  to  the 
remaining  growth,  and,  as  soon  as  the  young  growth  has  established 
itself,  to  cut  away  the  old.  This  may  entaila  cutting  of  more 
timber  than  is  required  for  the  moment;  but  the  seasoning  of  the 
timber  before  use  will  enhance  its  value. 

How  by  judicious  thinning  the  young  growth  may  be  accelerated, 
and  wild  brush-lands  may  be  improved,  I  cannot  stop  to  discuss. 

Lastly,  we  have  the  case  of  a  mine-operator  owning  tracts  of 
barren  land  from  which  the  timber  has  been  removed,  leaving  fire 
and  cattle  to  extinguish  every  trace  of  forest  life  and  turn  them  into 
useless  was4:es.  Such  sights  are  most  familiar  around  the  coal-mines 
of  Pennsylvania.  These  areas  should'  and  could  be  profitably 
utilized  by  the  owner  in  forest-planting. 

The  first  question  is,  What  to  plant? 

Not  only  must  it  be  a  durable  timber,  capable  of  growing  well 
on  poor  land,  but  one  which  will  attain  desirable  quality  and  size  in 
a  comparatively  short  time,  and  will  be  easy  of  management  and 
reproduction. 

Various  localities  and  climates  will  vary  the  selection.  Taking 
the  coal-regions  of  Pennsylvania  for  an  example,  we  may  say  that, 
of  the  timbers  mentioned  in  the  list  above,  the  black  locust,  chest- 
nut and  catalpa,  with  an  occasional  oak  and  cedar,  will  answer. 

The  black  locust  is  a  very  rapid  grower,  and  develops  into  suffi- 
cient size  for  prop  timber  in  a  very  short  time.  Twenty  to  thirty 
years  will  yield,  on  a  tolerably  suitable  location,  lengths  of  20  to  30 
feet,  4  inches  in  diameter  at  the  small  end.  For  strength  (resistance 
to  longitudinal  compression  especially)  it  stands  first  among  the 
commoner  Eastern  timbers  (crushing-weight,  694;  modulus.of  rup- 
ture, 1273;  those  of  white-oak  being  511  and  905  respectively). 
It  is  very  easily  handled  in  planting  by  cuttings,  suckers,  stakes, 
seedlings,  or  seed,  and  reproduces  itself  readily  by  sprouting  from 
the  stock.  There  are  two  objections  to  its  use  in  forest-planting 
by  itself:  the  one,  its  liability  to  attacks  by  borers;  the  other,  its 
thin  foliage,  which  fails  to  enrich  the  soil  and  to  shade  it  against 
evaporation — two  desirable  requisites  on  poor  soils. 

The  first  objection  is  largely  mitigated,  and  the  last  is  overcome, 
by  mixing  the  locust  with  other  shady  kinds.  No  better  associate 
could  be  found  than  chestnut  or  catalpa.  The  former,  although 
inferior  in  regard  to  strength  (modulus  of  rupture,  696 ;  resistance 

VOL.  XVII. — 18 


274       TIIR    MINING    INHUSTRY    IN    ITS    RELATION   TO    FORESTRY. 

to  l(>ii<j:;itn(liii;il  pirssnre,  381),  is  most  (lurablc  and  useful  for  ties 
and  in  otiier  shapes,  producing  rapidly  large  quantities  of  wood  per 
acre,  and,  by  its  shade  and  foliage,  benefiting  the  soil.  The  catalpa, 
which,  as  regards  strength,  stands  near  the  chestnut,  recommends 
itself  by  the  ease  of  its  propagation,  adaptation  to  unfavorable  con- 
ditions, and  rapidity  of  growth. 

I  would  propose  to  start  a  plantation  by  jilanting  rows  of  black 
locust,  alternating  with  either  chestnut  or  catalpa,  4  leot  apart,  occa- 
sionally adding  one  of  the  white  oaks,  say  at  the  rate  of  100  per 
acre,  The  latter  would  not  be  of  much  value  when  the  other  croj) 
was  fit  to  be  utilized,  but  will  enhance  the  value  of  the  plantation 
for  iuture  years  without  adding  to  the  cost  of  production. 

There  will  be  needed  some  1300  locust  seedlings,  10®0  catalpas 
or  other  shady  timber  speties,  and  one  bushel  of  chestnuts  to  the 
acre.  The  plant-material,  if  bought  from  a  nurseryman,  may  cost 
$25,  but  can  be  procured  at  probably  half  that  cost. 

In  fact,  there  are  at  present  nurserymen  in  the  West  who  contract 
to  plant  and  insure  a  stand  of  forest  growth  at  the  rate  of  $25  to  $30 
per  acre.  It  can  be  done  on  a  large  scale  for  less,  especially  in  the 
East,  where  climatic  conditions  are  favorable  to  tree  growth  and  less 
work  is  required  to  insure  success. 

As  to  the  profitableness  of  such  a  plantation,  there  cannot  be  the 
shadow  of  a  doubt.  Including  expenses  for  superintendence,  and 
compound  interest  at  the  rate  of  six  per  cent,  on  the  original  outlay 
(the  land,  being  waste  land,  may  be  left  out  of  the  calculation),  one 
acre  of  growth  may  be  said  to  have  cost,  at  the  end  of  twenty  years, 
about  $100.  Disregarding  all  the  material  which  may  have  been 
obtained  by  thinnings  during  that  period,  and  leaving  out  the  value 
represented  by  the  chestnut  and  other  accessory  growth  on  the  ground, 
there  can  safely  be  cut  at  that  time  not  less  than  20,000  linear  feet 
of  locust  post-timber  over  four  inches  in  diameter  (more  haa  been 
cut),  making  the  cost  per  foot  not  more  than  one-half  cent,  while 
such  timber  cannot  nowr  be  bought  for  less  than  two  to  three 
cents  per  linear  foot  (in  New  York  City  eight  cents  per  foot  is  paid 
at  wholesale).  Meanwhile  there  will  have  been  inferior  material 
realized  by  thinnings;  the  chestnut  will  have  grown  into  useful 
size,  and  may  be  cut  into  rails,  ties,  posts,  etc.;  and,  besides,  other 
valuable  growths  will  be  on  the  ground. 

No  artificial  renewal  of  the  locust  growth  is  necessary.  From 
each  stump  three  or  four  vigorous  sprouts  will  grow  and  will  be 
ready  for  the  same  use  in  less  time  than  the  original  seedlings,  since 
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the  sprouts  grow  more  rapidly.  All  the  care  that  is  necessary  is  to 
keep  out  fire  and  cattle  for  the  first  three  or  four  years  ;  and  occa- 
sional thinning,  to  give  air  and  light  to  the  timber  which  is  to  be 
favored. 

A  hundred-acre  plantation  of  this  description  may  be  compared 
in  value  to  an  investment  yielding  an  intermittent  annuity,  every 
twenty  years,  of  not  less  than  $40,000  ;  or,  capitalized,  it  represents 
an  investment  of  $50,000,  yielding  such  annuity  at  three  per  cent, 
interest,  as  safe  as  United  States  Government  bonds,  while  it  has 
cost  less  than  $5000;  that  is  to  say,  one  need  not  raise  more  than 
ten  per  cent,  of  the  stock-value  to  start  the  enterprise. 

A  svstematic  proceeding  for  a  continuous  concern,  like  some  of 
our  collieiles,  would  be  to  plant  every  year,  or  periodically,  as  many 
acres  as  are  needed  to  produce  the  yearly  or  periodical  supply  of 
posts.  Before  this  has  been  continued  for  a  series  of  twenty  years, 
a  never-failing  supply  of  post-timber  will  be  secured,  since  the  thin- 
nings of  the  first  plantations  will  begin  to  furnish  the  needed  mate- 
rial at  an  earlier  date. 

It  is  impossible  to  detail  further  the  particulars  of  such  an  e©t«iK 
prise.  Local  conditions  must  needs  vary  these.  My  object  ui  this 
paper  has  been  simply  to  direct  the  attention  of  mine-owiiie^s  and 
operators  to  the  possibilities  and  opportunities  which  Ue-  open  to 
them  with  regard  to  their  timber-supply. 


NOTES  ON  THE  ROASTING  OF  THE  HUDSON  RIVER 
CARBONATES. 

BY  INGERSOLL  OLMSTED,  BURDEN,  W.  Y. 

(Buffalo  Meeting,  October,  18S8.) 

These  ores  are  of  two  classes,  Bessemer  and  non-Bessemer,  ex- 
isting in  separate,  though  adjoining,  beds.  Both  are  carbonates, 
with  small  admixtures  of  oxides  and  other  combinations. 

To  prepare  them  for  market  they  are  roasted  in  kilns,  which  have 
already  been  described  by  Mr.  John  Birkinbine  at  the  Troy  Meet- 
ing, October,  1883  {Trans.,  xii.,  378).  Concerning  their  size,  ar- 
rangement, etc.,  I  need,  therefore,  only  repeat  that  they  are  60  feet 
in  height;  have  wrought-iron  shells  24  feet  in  diameter;  are  lined 
with   fire-brick,  and   supported  by  cast-iron  mantel   and  columns. 
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As  originally  built,  the  draught  was  wholly  from  the  bottom;  hut 
afterwards  two  rows  of  small  circular  holes  were  cut  in  them,  a 
little  short  of  half  way  up,  and  encircling  the  kiln.  The  kilns  are 
ten  iu  number,  with  an  estimated  roasting-capacity  of  about  100 
tons  daily  each. 

The  richer  of  the  two  classes  of  ore  is  a  true  Bessemer,  contain- 
ing only  about  0.035  per  cent,  of  phosphorus.  It  is  uniform  in 
character,  and  unmarked  by  any  specially  interesting  features.  In 
the  present  paper  I  purpose  to  speak  mainly  of  the  non-Bessemer 
ores.  From  my  own  notes  I  am  not  able  tofurnish  many  complete 
analyses,  such  being  seldom  required  of  me ;  but  I  subjoin  two, 
which  may  serve  to  show  the  character  of  the  two  classes. 

Analyses  of  Roasted  Ores. 

Bessemer.  Non-Bessemer. 

1.  •  II. 

Silica,.        .        ...        .        .        .      9.20  17.18 

Carbonic  acid  and  water,     .         .         .         .55  undet. 

T  ■ ,      f  FeO,        ....       2.85  Bisulpliide  iron     1.47 

Iron  oxide,  J  ' 

'lFe203      ....     63.03  65.73 

Alumina,      .      - 2.19  3.02 

Lime, 6.80  4.35 

Magnesia, 7.13  5.72 

Oxide  of  manganese,  ....  3.90  2.66 

Phosphoric  acid, 102                    •  .319 

Sulphur, 1.788  

Oxygen  with  sulphur, ....  1.58 

99.12  100.449 

Metallic  iron 46.34  46.70 

Phosphorus, 044  .139 

Sulphur,       ...  .786 

The  foregoing  analyses  do  not  adequately  indicate  the  complexity 
of  the  ore,  which,  indeed,  presents  something  of  a  puzzle  to  the  ana- 
lyst, containing,  as  I  believe  all  samples  of  the  non-Bessemer  class 
do,  all  the  following  elements  in  all  the  combinations  named,  viz.: 
Phosphonis  (apatite,  phosphoric  acid).  »S'M//>//i^r  (sulphuric  acid,  iron 
bisulphide,  calcium  sulphate).  Iron  (metallic  iron,  magnetic  oxide, 
sesquioxide,  bisulphide).  Calcium  (oxide,  phosphate,  sulphate,  hy- 
drate). Lead  (native),  and  Silica  (native,  silicate  of  alumina);  be- 
sides, probably,  traces  at  times  of  titanium,  arsenic,  and  rarer  metals. 
The  ore  always  contains  a  considerable  amount  of  water — .some- 
times, when  it  has  been  exposed  to  rain,  as  much  as  8  })er  cent. 
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It  is  but  fair  to  say  that  the  sulphur  in  I.  is  much  higher  than 
tlie  average,  and  that  the  iron  in  II.  is  a  trifle  higher  than  I  have 
generally  found. 

The  ore  as  drawn  from  the  kilns  presents  a  varied  appearance  both 
in  color  and  form.  The  color  is  mainly  chocolate,  but  lightening 
into  many  shades  of  red  and  gray,  or  deepening  into  a  blue-black. 
These  appear  to  aiise  from  variations  in  heat  and  atmospheric  effects 
in  the  kilns,  not  from  varying  percentages  of  iron,  etc.;  and  they 
furnish  but  little  guide  to  the  eye  in  judging  of  the  nature  and  rich- 
ness of  the  ore. 

For  instance,  a  large  lump  of  irregular  form,  having  a  light-red 
exterior  and  a  dark  greenish  center,  was  brought  to  me  some  time 
ago  with  the  request  that  I  would,  if  possible,  discover  why  the 
outside  only  was  roasted.  A  test,  however,  proved  at  once  that  it 
was  thoroughly  roasted  throughout,  the  dark  center  having  misled 
the  sorter.  The  percentage  of  iron  was  low,  27.45  per  cent,  in  the 
exterior  part,  and  practically  the  same  in  the  center.  Another  lump, 
almost  precisely  similar  in  appearance,  gave  56  per  cent,  of  iron 
throughout. 

As  far  as  my  observation  goes,  the  ores,  with  two  exceptions,  are 
magnetic  after  roasting;  that  is,  when  powdered  they  will  separate 
from  the  silica  and  earthy  matters  mixed  with  them  and  adhere  to 
an  ordinary  bar-magnet.  The  first  exception  to  this  is  the  dark 
center  of  the  lump  above  mentioned,  which  was  entirely  non-mag- 
netic until  powdered  and  heated  in  a  platinum  crucible,  when  it 
became  light-red  in  color  and  magnetic.  The  exterior  of  the  lump 
was  magnetic.  When  I  exposed  a  piece  of  the  dark  center  to  the 
flame  of  a  gasolene  lamp  the  red  magnetic  skin  appeared,  but  the 
center  remained  dark,  thus  repeating  the  history  of  the  main  lump. 
The  second  exception  I  shall  mention  later.  The  lowest  heat,  still 
sufficient  to  roast  thoroughly  which  I  have  been  able  to  give,  has 
always  rendered  the  sample  magnetic  throughout;  but  whether  the 
exact  degree  necessary  for  the  expulsion  of  the  carbonic  oxide  will  do 
so  or  not  I  am  unable  to  state.  This  magnetic  property  has  suggested 
to  my  mind  the  possibility  of  producing  a  separated  ore  by  an  elec- 
tric separator,  but  there  are  many  difficulties  in  the  way,  the  chief, 
I  think,  being  the  fine  grain  of  the  ore  and  the  intimate  mixture  of 
silica  and  impurities,  which  would  necessitate  very  fine  crushing. 

The  form  of  the  roasted  ore  is  varied,  as  I-have  said  ;  but  exami- 
nation shows  four  main  characteristics,  which  may  be  classified 
thus: 
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I.   A  rough,  shapeless  mass; 
II.  A  fine-grained,  flat  slate  ; 

III.  A  mixture  of  white  silica-grains  with  red  or  black  ore- 

grains,  occurring  mainly  in  tiiick  ilat  slabs; 

IV.  "Clinkers,"  so-called. 

The  analysis  of  many  pieces  of  each  class  points  to  the  rough 
generalization  that  Nos.  I.  and  IV. are  the  richest;  the  others  mostly 
lean,  though  stray  pieces  of  one  class  occasionally  approach  those  of 
another  so  closely  in  percentage  of  iron  that  the  line  becomes  hard 
to  draw. 

Class  IV.  presents  the  most  interesting  features.  For  some  reason 
not  yet  clear  these  clinkers  form  in  the  kilns  and,  descending  to  the 
gates,  give  trouble  by  being  too  large  to  pass  through,  and  requiring 
blasting.  They  are,  in  the  main,  roughly  rounded  masses,  from  18 
iuches  to  3  feet  in  diameter,  composed  of  pieces  of  ore,  rock,  coal- 
ashes,  etc.,  cemented  together  with  fused  ore,  or  something  similar. 
But  there  are  many  of  a  different  nature.  One  appears  as  though 
formed  from  a  single  ore-lump;  it  is  nearly  gray  in  color;  very 
hard ;  has  a  glazed  surface,  from  which  the  hammer  rebounds 
sharply  ;  and  occurs  in  lumps  the  size  of  a  man's  head,  attached  to 
other  clinkers,  but  plainly  of  separate  nature.  In  the  mortar  it 
yields  a  yellowish  powder,  separable  by  the  magnet  into  a  yellow- 
gray  earth  and  a  sharp,  black,  glittering  sand.  The  earth  contains 
about  42  per  cent,  of  metallic  iron,  and  is  the  second  exception  to 
the  general  rule  I  have  stated,  that  all  the  roasted  ore  is  magnetic. 
The  black  sand  contains  about  53  per  cent,  of  metallic  iron. 

Another  clinker  is  apparently  also  from  a  single  ore-lump,  but 
has  no  evidences  of  fusion,  no  glazed  exterior,  and  retains  its  origi- 
nal form.  It  is  very  hard  and  heavy,  presents  a  glistening-black 
fracture  with  evidence  of  sulphur,  and  often  contains  60  per  cent, 
of  metallic  iron. 

Another  resembles  a  slag-finger  seen  at  the  tuyere  of  a  chilling- 
furnace,  or  an  ore-stalactite  formed  on  the  bottom  of  something  and 
then  broken  off.  These  I  have  occasionally  seen  forming  at  the 
kiln-gates,  the  fused  matter  trickling  down  the  wall  when  the  kiln 
was  "  in  trouble,"  a  condition  corresponding  to  a  scaffolding  furnace. 

A  prominent  characteristic  of  the  "cemented "  clinkers  is  that 
they  often  contain  pieces  of  Class  III. ;  but  such  pieces  show  no  evi- 
dences of  fusion  or  alteration,  and  are  oidy  stuck  to  the  rest  of  the 
mass.     In  spite  of  close  study  with  a  magnifying  glass  I  have  not 
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been  able  to  connect  any  other  particular  form  of  ore,  the  slate,  for 
example,  with  this  clinker-formation,  nor  have  I  ever  seen  any  fused 
or  altered  rock,  !^^oreover,  the  lumps  of  ore  never  seem  to  show 
the  begiiniinc>;  of  fusion  arrested  there.  All  these  facts  point  to  com- 
plete change  taking  place  in  one  kind  of  ore. 

The  reason  for  this  clinker-formation  remains  an  open  question, 
as  I  have  said.  Too  much  heat  has  been  the  cause  commonly  as- 
signed ;  but  that  of  itself  would  not  produce  the  metallic  iron  visible 
in  them.  To  test  the  action  of  heat  upon  the  ore  I  placed  some,  in 
inch-cube  size  mixed  with  coal,  in  a  Hessian  crucible,  and  exposed 
it  to  tlie  full  heat  of  a  gasoline  furnace,  keeping  the  crucible  at  an 
almost  white  heat  for  hours,  but  failed  to  produce  any  effect  except 
thorough  roasting — this,  too,  although  I  varied  the  conditions,  with 
crucible  open  and  closed,  by  charging  wet  ore  and  coal-dust,  etc. 

I  then  considered  that  there  must  be  some  action  of  oxidizing 
and  reducing  gases  at  the  bottom  of  the  trouble;  that  it  might  be 
promoted  by  the  ore  remaining  longer  in  or  near  the  fires  than  is 
necessary  to  roast  it  completely.  This  might  easily  happen,  since 
the  drawing  of  the  kilns  is  regulated  by  the  appearance  of  hot  ore 
at  the  gates,  the  convenience  of  shipment  and  other  causes,  not  by 
the  time  necessary  to  roast.  I  do  not  know  that  that  length  of  time 
has  ever  been  precisely  determined  here.  Clinkering  might  also 
arise,  I  thought,  from  some  of  the  ore  fusing  or  redujing  more  easily 
than  the  rest,  and  thus  running  in  the  fire  necessary  to  roast  the 
more  refractory. 

In  our  non-Bessemer  vein  there  occur  constantly  seams  of  black 
slate,  generally  narrow.  It  is  very  siliceous,  fine-grained,  nearly 
black  between  the  gray  natural  ore,  breaks  into  thin  plates,  and  fur- 
nishes my  Class  II.  Beside  its  carbonate  of  iron  it  carries  from  1 
to  15  per  cent,  of  some  other  iron  combination,  insoluble  in  concen- 
trated boiling  acid.  May  not  this  fuse  readily  and,  under  some 
conditions,  cause  trouble?  To  follow  up  the  investigation  on  this 
line,  I  designed  a  special  apparatus  for  roasting  samples  in  the  pres- 
ence of  different  mixtures  of  oxidizing  and  reducing  gases,  but  have 
not  been  able  as  yet  to  carry  on  the  experiment. 

It  is  on  this  point  that  I  invite  discussion,  namely,  the  reason  for 
the  formation  of  clinkers  described.  Perhaps  I  ought  to  add  that 
our  fuel  is  good  culm,  and  the  charge  fixed  by  practice  as  best,  is 
about  1  ton  of  fuel  to  30  of  ore. 

At  certain  times  these  clinkers  form  in  large  numbers  and  virtu- 
ally scaffold  the  kiln,  which  decreases  its  output,  becomes  hot  through- 
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out,  and  is  said  to  be  "in  trouble."  Then  tliey  are  termed  "bad" 
clinkers,  and  are  thrown  out  on  acc.-ount  of  the  sulpiiur  they  contain. 
The  average  of  this  objectionable  element  in  the  ore,  including 
clinkers,  is  from  0.70  to  0.90  per  cent.;  but  the  clinkers  alone  u.su- 
ally  show  over  2  per  cent.  Now  the  question  which  I  wish  specially 
to  recommend  to  the  attention  of  furnace-men  is,  What  effect  will 
charging  these  masses  among  our  friable  and  easily  reducible  ores 
have  upon  the  furnace  and  its  work?  Would  they  need  more  ex- 
posure to  the  reducing  gases  than  the  porous  ore,  and  thus,  by  de- 
scending low  in  the  furnace  while  yet  partially  unreduced,  cause 
irregularitv  of  working?  Would  it  be  advisable  to  reject  them, 
supposing  them  to  constitute  a  small  portion  of  the  ore  only? 

The  sulj)hur  in  our  roasted  ore  has  generally  been  considered  to 
exist  as  sulphuric  oxide.  I  think  Mr.  iSherrard,  of  Scranton,  holds 
this  view.  It  is  also  said  to  roast  off  in  the  furnace  and  not  to 
affect  the  iron.  Now,  would  this  hold  true  of  the  clinkers?  Is  not 
the  sulphur  more  likely  to  be  in  them  as  pyrites,  and,  in  such  hard 
masses,  to  descend  into  the  zone  of  fusion?  I  regret  that  it  is  im- 
possible to  give  any  complete  analyses  of  these  clinkers  which  might 
aid  much  in  the  solution  of  such  questions.  I  have  only  a  few  frag- 
mentary tests  for  iron  and  silica,  which  do  not  show  anything. 

Apparently,  the  ore  was  designed  to  confound  many  pet  blast- 
furnace theories.  For  instance,  I  was  once  told  that  it  would  not 
make  a  large  percentage  of  No.  1  or  No.  2  iron,  because  of  its  man- 
ganese (2  to  4  per  cent,  of  the  black  oxide)  and  sulphur ;  but,  since 
then  I  have  seen  a  furnace,  running  on  this  non-Bessemer  ore  alone, 
make  nothing  but  No.  1  iron,  for  days  together.  In  that  iron  I 
found  from  1.75  to  2.25  per  cent,  metallic  manganese,  and  only  a 
trace  of  sulphur.  The  iron,  when  raw,  was  covered  with  the  cloud 
of  sparks,  which  ordinarily  accompanies  cold  iron,  and  the  slag  had 
a  chocolate-colored  or  nearly  black  surface,  yet  contained,  neverthe- 
less, only  a  trace  of  iron.  The  fumes  at  casting  were  remarkably 
dense  and  sulphurous,  and  I,  more  than  once,  noticed  in  them  the 
odor  of  cyanides. 

The  iron  made  exceptionally  good  castings,  and  pleased  the 
foundry- men  very  much. 

The  variety  in  appearance  and  in  composition  of  the  samples  of 
this  non-Bessemer  ore  is  very  striking.  Upon  my  table  lie  upwards 
of  a  fiundred  lumps,  all  tested  and  tagged,  with  the  percentage  of 
iron  at  least,  often  with  that  of  silica  and  manganese.  The  silica 
in  many  is  plainly  visible  to  the  eye,  in  pure  white  grains,  scattered 


THE    ROASTING    OF   THE    HUDSON    RIVER    CARBONATES.       281 

through  the  mass,  or  in  narrow  veins  which,  under  the  action  of  fire, 
become  brittle  and  split  the  mass  throughout,  leaving  the  white 
crystals  upon  one  face.  In  others,  as  in  the  black  slate,  the  silica  is 
entirely  in  combination.  The  percentage  of  iron  varies  from  7  to  56, 
though,  even  to  the  trained  eye,  there  is  very  little  difference  in  ap- 
pearance. Some  contain  so  much  lime,  that,  on  mere  exposure  to 
the  atmosphere,  they  have  slacked  into  a  heap  of  dust,  though  they 
carried  over  40  per  cent,  metallic  iron. 

These  peculiarities  have  occasioned  much  trouble  with  our  cus- 
tomers, and  complaints  of  rock,  dust,  careless  preparation,  etc.,  from 
those  who  are  ignorant  of  the  originally  mixed  condition  of  the  ore 
in  the  vein,  and  the  confusion  unavoidably  resulting  from  the  roast- 
ing and  consequent  alteration  of  form.  A  knowledge  of  them, 
together  with  a  laboratory  accident,  led  me  to  make  the  following 
experiment: 

A  large  sample  of  non-Bessemer  ore  was  reduced  to  a  coarse  pow- 
der, divided  into  halves,  and  these  marked,  respectively,  Xos.  I. 
and  II. 

No.  I.,  without  any  further  preparation,  was  passed  over  a  60-inch 
sieve,  and  the  resulting  powder  marked  A,  the  fine  ore,  tailings, 
etc.,  being  marked  B.  No.  II.  and  A  and  B  were  then  carefully 
sampled  and  analyzed  with  the  following  results: 

II.  A.  B. 

Iron,.         .        .        .     39.06  44.51  87.70 

Silica,        .        .        .     23.95  18.40  27. 

Phosphorus,      .        .       0.201  0.120  0.270 

A  partial  repetition  of  the  experiment,  the  analysis  of  II.  being 
omitted,  gave 

"A."  "B." 

Iron 43.05  36.92 

Silica, 20.53  29.53 

Phosphorus, 0.102  0183 

The  samples  originally  taken  did  not  fairly  represent  the  ore, 
being  leaner  than  the  average  ;  but  this  did  not  defeat  my  inten- 
tion, which  was  to  learn  whether  a  richer  separated  ore  could  be 
obtained  by  such  screening. 

If,  as  my  experience  goes  to  show,  the  soft  ore  is  the  rich  and  de- 
sirable, then  the  difference  would  have  been  more  marked,  hacf  the 
proper  proportion  of  rich  ore  existed  in  the  samples.  The  experi- 
ment has  been  well  confirmed,  and  seems  to  show  that  our  leaner, 
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more  siliceous,  non-Bessemer  ore  really  consists  of  a  mixture  of  rich 
ore  with  veins  and  lumps  of  lean,  phosphatic  stuff.  There  is  no 
such  difference  visible  in  the  natural  ore,  nor  do  the  tests  of  diamond 
drill  cores  and  dailv  drill-samples  from  the  mines  encouraij;e  the 
belief. 

I  am,  nevertheless,  inclined  to  cliniito  the  the()rv,in  part  at  least, 
and  to  consider  the  other  disagreeing  results  to  arise  from  the  inti- 
macy of  the  mixture,  rendering  a  drill-core  witness  oidy  as  to  the 
ore  it  actually  contains. 


THE  EFFECT  OF  VELOCITY  AND  TENSION  OF  GASES  ON 
THE  E EDUCTION  OF  CUES  IN  THE  BLAST-FUBNACE. 

BY  THEO.  W.  ROBINSON,  JOLIET,  ILL. 

(Buffalo  Meeting,  October,  1888.) 

The  evolution  of  the  modern  blast-furnace  from  the  end)ryonic 
stages  of  comparatively  few  y^ars  ago,  has  been  the  work  of  wide 
practice  and  experiment.  That  much  is  still  to  be  desired,  the  ex- 
])erience  of  every  furnace- manager  will  testify. 

Mr.  Walsh's  })aper  on  "The  Irregidarities  of  the  Blast-Furnace 
Process,  and  a  Practical  Way  to  Avoid  Them"  (Trans.,  xv.,  419), 
proposes  a  new  solution  of  the  problem  of  interior  lines,  and  one  that 
has  given  rise  to  not  a  little  speculation  and  controversy.  The  in- 
vestigation described  in  this  paper  was  undertaken  to  test  experi- 
mentally the  theory  of  Mr.  Walsh  as  to  maximum  reducing  capacity. 

Briefly  explained,  Mr.  Walsh's  views  (outside  of  his  claim  for  in- 
creased efficiency  due  to  having  the  bosh  wholly  within  the  melting- 
zone)  are,  that  a  furnace  of  (jontracted  stack  and  throat,  on  his  lines, 
may  equal  in  product  one  of  considerably  greater  cubical  capacity. 
The  explanation  offered  for  the  theoretical  greater  capacity  j)er  cubic 
foot  of  his  furnace  is,  that  the  increased  tension  of  gases  caused  by 
passing  through  the  small  area  will  promote  transpiration,  thus 
facilitating  reduction  and  permitting  more  rapid  driving. 

This  alleged  relation  will  apjiear  from  a  hypothetical  ca.se  in  which 
a  furnace,  A,  constructed  on  Mr.  Walsh's  lines,  has  but  ]  of  the 
cubical  contents  of  a  furnace,  B,  of  modern  type;  the  two  being 
equal  in  height.  In  order  that  A  shall  have  the  .^ame  capacity  as 
B,  both  working  normally  with  the  same  mixture  and  burden,  and 
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amount  of  blast  per  unit  of  time,  we  must    have   the   following 
relative  conditions  presented. 

1.  Since  A  holds  only  I  as  much  material  as  B,  the  ore  must  be 
reduced  x  times  as  fast,  and  hence  can  remain  exposed  to  the  action 
of  the  gas  only  |  as  long,  in  A  as  in  B.  In  short,  A  must  be  driven 
with  X  times  the  rapidity  of  B. 

2.  With  the  same  amount  of  blast  per  unit  of  time  in  both  fur- 
naces it  follows  that  in  A,  with  but  I  the  area  of  B,  the  velocity 
produced  must  be  x  times  that  in  B,  and  consequently  (neglecting  the 
slow  downward  movement  of  the  charge,  as  relatively  nothing  to  the 
rapid  ascent  of  the  gas)  each  particle  of  ore  in  A  must  be  impinged 
upon  bv  X  times  as  many  atoms  of  gas  in  a  unit  of  time  as  is  the 
case  in  B, 

With  the  given  conditions  of  equal  blast,  burden  and  product, 
the  above  is  a  correct  statement  of  the  relation  existing  between  a 
Walsh  furnace  and  a  furnace  of  usual  lines.  For  illustration,  take 
the  comparison  cited  i)v  him  of  his  furnace  of  10,000  cubic  feet  capac- 
ity, and  the  North  Chicago  of  14,694  cubic  feet.  On  the  basis  of  equal 
product,  the  former  must  be  driven  nearly  one  and  one-half  times  as 
fast  as  the  North  Chicago,  the  velocity  of  the  gases  will  be  nearly 
1^  times  as  great,  and  the  tension  over  twice  as  great.  With  the 
latter  working  at  its  actual  maximum  efficiency,  this  would  require 
exceedingly  rapid  driving;  and  Mr.  Walsh  relies  for  a  successful 
issue  of  what  would  be  phenomenally  quick  reduction  on  the  results 
of  Sir  Lowthian  Bell's  experiments  pertaining  to  the  relative  reducing 
effect  on  ores  of  gases  of  different  velocities.  These  showed  that  the 
faster  the  current,  the  greater  the  reduction.  They  were  performed 
by  passing  different  amounts  of  gas  in  a  unit  of  time  over  various 
samples  of  ore  at  a  ])retty  uniform  teniperature  of  770°  F.  Mr. 
Bell's  interpretation  of  the  results  is. 

''On  the  whole  I  am  inclined  to  the  belief  that  some  slight  eleva- 
tion of  temperature  accompanies  the  rapid  passage  of  the  gas,  owing 
to  a  more  energetic  action  than  takes  place  with  the  slower  current, 
and  that  this  rise  of  temperature  in  its  turn  has  promoted  chemical 
action." 

On  the  other  hand,  as  before  stated,  Mr.  Walsh  advances  the 
theory  that  the  increased  effect  is  caused  by  the  aiore  rapid  transpira- 
tion of  gases,  produced  by  the  increased  pressure  of  the  rapid  current. 
In  the  experiments  of  Mr.  Bell,  just  quoted,  increased  reduction  by 
the  rapid  current  may  be  influenced  by  one  or  all  of  the  following 
factors : 
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1.  The  presence  of  a  different  amount  of  redncino;  gas. 

2.  The  more  thoron<;h  removal  <»f  the  retarding  C(X. 

3.  A  higher  temperature,  arising  from  the  rapid  eurrent  enhancing 
the  chemical  action. 

4.  The  increased  tension  produced  hy  the  greater  velocity  causing 
a  more  rapid  penetration  of  the  gases  into  the  ore,  according  to  tlie 
law  of  transpiration. 

In  order  to  interpret  intelligently  in  their  ai)plieation  to  practice, 
the  res(dts  of  these  experiments,  it  is  necessary  to  ascertain  first, 
wherein  the  conditions  within  the  furnace  and  in  the  experiments 
correspond,  and  to  what  extent  they  differ. 

Remembering  tliat  each  furnace  has  the  same  amount  of  blast 
per  unit  of  time,  we  see  at  once  that  factor  No.  I  can  have  no 
bearing  on  the  matter.  Though  the  velocity  of  the  gas  in  A  is,  say, 
twice  as  great  as  in  B,  a  given  weight  of  ore  is  subjected  to  the  ac- 
tion of  the  same  amount  of  gas  in  a  unit  of  time,  in  each  case. 
Moreover,  since,  by  the  premises,  B  is  working  with  the  greatest 
economy  of  fuel,  it  is  plain  that  the  gases  in  A  under  an  equal  efficiency 
must  have  the  same  ratio  of  CO^  to  CO  as  in  B.  This  dis])oses  of 
factor  No.  2,  and  leaves  Nos.  3  and  4  as  the  only  conditions  in  Bell's 
experiments  compatible  with  the  situation  of  the  ore  in  A,  and  as 
possibly  ex})lanatory  of  a  more  rapid  reduction.  It  is  important, 
therefore,  to  examine  experimentally  the  effects  on  the  reduction  of 
iron-ore  of  two  conditions,  namely,  the  velocity  and  the  pressure 
of  the  reducing  gases. 

It  is  impracticable  to  include  in  such  an  experiment  the  whole 
series  of  chemical  changes  exhibited  in  a  blast-furnace,  uidess  the 
furnace  itself  be  employed  as  the  apparatus  for  the  experiment. 
Neither  ]Mr.  Bell's  experiments  on  this  particular  ])oint,  nor  those 
described  in  this  paper,  were  thus  conducted  ;  and  it  must  be  left  to 
the  judgment  of  competent  critics,  whether  the  conclusions  to  which 
the  latter  ])oint  are  perfectly  applicable  to  the  larger  operations  of 
practice.  ' 

Being  unable  to  compare  experimentally  the  two  whole  furnaces, 
A  and  B,  I  have  thought  that  attention  might  be  fixed  upon  two 
equal  masses  of  ore,  in  corresponding  parts  of  the  two  furnaces, 
within  the  zone  of  reduction.  The  same  relation  as  to  rate  of  re- 
duction, temperature,  velocity  and  tension  of  gases,  should  here  exist 
as  throughout  the  entire  furnaces,  the  only  dissimilarity  (so  far  as  I 
perceive)  lying  in  the  fact  that  by  virtue  of  its  constricted  area  the 
layer  a,  in  A,  has  twice  the  thickness  of  layer  b,  in  B.     Assuming 
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a  thickness  so  small  that  the  variation  in  temperature  for  the  top  and 
bottom  will  be  inappreciable,  we  have  presented  a  practical  example 
that  may  be  copied  by  experiment.  Upon  this  assumption  the  ex- 
j)eriments  now  to  be  described  were  conducted. 

In  order  to  follow  as  closely  as  possible  the  actual  conditions 
presented  in  the  furnaces,  furnace  gas-was  employed  as  the  reduc- 
ing medium.  The  experiments  were  performed  in  duplicate  appa- 
ratus, one  set  representative  of  the  situation  in  A,  the  other  in  B. 
Two  similar  gasometers  of  something  over  100  liters  caj>acity  were 
constructed,  each  with  a  water-gauge  on  the  side,  which  upon  careful 
calibration  permitted  the  accurate  measurement  of  the  gas  used 
in  each  operation.  The  sujiply  of  gas  was  obtained  by  tapping 
Ethel  furnace  No.  1  of  the  Joliet  Steel  Co.,  about  17  feet  above  the 
tuyeres,  and  by  means  of  an  iron  pipe,  fitted  with  a  perforated  cork, 
holding  a  large  Y-tube,  and  connected  with  the  gasometers  by  rubber 
tubing,  a  gas  of  uniform  composition  was  obtained  for  each.  I 
would  note  that  the  best  results  were  obtained  by  allowing  the  gas 
to  displace  the  air  in  the  gasometer  by  its  own  pressure,  no  water' 
being  employed. 

The  temperature  decided  upon  was  that  of  melting  zinc,  about 
417°  C.  or  782°  F.,  obtained  and  applied  by  means  of  a  bath  of 
melted  lead,  held  in  a  cast-iron  pot,  heated  by  gas.  This  was  of 
such  a  size  as  to  allow  a  distance  of  two  or  three  inches  to  intervene 
between  the  sides  and  the  ore-holding  apparatus ;  and  a  grating,  fast- 
ened to  the  bottom,  prevented  contact  beneath.  Thus  extreme 
variations  in  temperature,  by  proximity  to  the  sources  of  heat  were 
prevented.  The  temperature  of  the  bath,  as  tested  by  immersing 
pieces  of  zinc  and  antimony  in  an  iron  tube,  was  pretty  uniformly 
that  of  softening  zinc. 

The  best  mode  of  exposing  the  ore  to  the  gas  was  a  matter  of  some 
deliberation  and  trial.  With  the  exception  of  one  line  of  experi- 
ments, all  reductions  were  performed  by  means  of  the  apparatus 
shown  in  Fig.  1,  in  which  a  is  a  piece  of  iron  pipe,  about  8  inches 
long  with  the  cross  of  a  T  screwed  on  one  end  at  6,  from  the  arm 
of  which  projects  another  section  of  pipe,  c,  while  at  the  other  end 
d,  it  is  connected  with  a  pipe,  e,  bent  in  a  horizontal  spiral,  like  a 
worm,  and  then  rising  vertically,  parallel  with  the  first.  Between 
a  and  e  are  inserted  a  couple  of  thicknesses  of  fine  platinum  gauze, 
which  the  coupling  holds  firmly  in  place  and  with  an  air-tight  joint. 
The  upper  part  of  the  T  is  closed  by  means  of  a  cork,/,  the  removal 
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of  which  alU)\v.s  the  introduction  of"  the  ore,  which  then  rests  on  the 
ganze  at  d. 

l)nring  the  experinients,  the  apparatns  was  immersed  in  melted 
lead,  iii>  to  the  line  7,  (/. 

The  oas  was  a])plied  at  h,  and  then  j)assed  down,  twice  around  and 
up  before  coming  in  contact  with  the  ore — a  distance  in  all  of  about 

Fio.  1. 


Apparatus  for  Experiments  in  tiie  Reduction  of  Iron-Ore. 

30  inches — to  prevent  a  cooling  action  on  the  ore  by  permitting  the 
gas  to  acquire  the  temperature  of  the  bath.  In  all  cases  the  two 
sets  of  api^aratus  in  use  were  placed  with  one  coil  within  the  other, 
the  vertical  parts  holding  the  ore  being  brought  side  by  side,  to  pre- 
vent different  temperatures  by  variations  in  diflferent  parts  of  the 
bath.  When  inserted  in  the  bath,  they  were  kept  in  place  by 
weights. 

In  the  one  line  of  experiments  referred  to,  where  the  form  of 
apparatus  just  described  w^as  objectionable,  two  similar  round  cast- 
iron  boxes,  3  inches  in  diameter,  fitted  with  entrance  and  exit-tubes. 
were  used,  being  placed  one  directly  over  the  other,  in  the  same  bath. 

The  ore  employed  was  a  very  uniform  sample  of  soft  Gogebic 
hematite,  crushed  to  pieces  about  the  size  of  half  a  grain  of  wheat, 
by  passing  through  a  12-mesh,  and  catching  on  a  15-mesh  sieve, 
With  the  object  of  determining  by  titration  the  amount  of  reduction, 
the  ore  in  the  first  experiments  was  thoroughly  heated  in  a  glass- 
tube,  to  remove  water  and  other  volatile  components,  and,  though 
titration  failed  of  completeness,  by  reason  of  the  coarseness  of  the 
samples,  the  ore  was  in  all  cases  subjected  to  this  treatment,  as  a 
method  of  comparison  with  the  work  gone  over  before. 
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In  determining  the  amount  of  reduction,  various  methods  were 
tried.  Tlie  following  were  only  partially  successful  ;  oxidation  of 
the  reduced  ore  by  oxygen  in  an  open  platinum  dish  ;  oxidation  in 
a  Gooch  crucible,  fastened  on  top  of  an  iron  pipe,  b}' titration  of  the 
raw  and  reduced  ore;  and  analysis  of  the  waste  gases.  In  the 
first  two  cases,  perfect  oxidation  proved  well-nigh  imjiossible,  and 
titration  failed  through  inability  to  obtain  similarity  of  samples. 
Examination  of  the  waste  gases  as  a  basis  of  calculation  was 
abandoned  on  account  of  the  trouble  experienced  in  getting  a  good 
average  sample.  The  method  finally  followed  was,  after  thoroughly 
mixing  the  whole  of  tlie  reduced  sample  by  grinding  fine  in  an 
agate  mortar,  to  oxidize  a  known  weight  of  it  by  oxygen  in  a 
platinum  boat,  inserted  in  a  glass  tube  with  a  layer  of  copper  oxide 
behind,  catch  the  COj  in  caustic  potash,  and  weigh  the  ore,  now 
completely  oxidized  to  FcaOg.  Care  was  taken  at  all  times  to 
regulate  the  heat  so  as  to  cause  no  incipient  fusion  of  the  oxides. 

The  calculation  is  easy.  From  the  CO2  produced,  the  carbon  in 
the  weight  taken  of  Fe^Oy  +  C  (reduced  material)  is  known,  and  by 
difference,  the  amount  of  Fe^Oy.  Subtracting  the  weight  of  Fe^Oy 
from  that  of  the  Fe203  produced,  we  have  the  amount  of  oxygen 
lost  in  reduction. 

The  first  series  of  experiments  was  made  to  compare  the  effect  of 
equal  amounts  of  gas,  with  the  same  rate  of  flow  and  tension,  u])on 
equal  masses  of  ore,  sulyected  to  a  like  temperature,  under  con- 
ditions comparable  with  the  layers  of  ore  in  the  furnaces  under 
discussion. 

Two  pieces,  one  of  |-ineh  and  the  other  of  f-inch  iron-pipe,  hav- 
ing internal  areas  nearly  as  one  to  two,  were  fitted  with  j)latinum 
gauze  and  arranged  as  shown  in  Fig.  1.  These,  loaded  with  their 
charge  of  ore,  were  immersed  in  the  bath,  and,  after  allowing  a 
sufficient  length  of  time  for  the  attainment  of  its  temperature  were 
connected  with  their  respective  gasometers.  To  counteract  the 
effect  of  any  error  from  calibration  or  otherwise,  each  gasometer  was 
connected  alternately  with  the  large  and  small  tube.  The  small 
tube,  having  half  the  capacity  of  the  other,  contained  a  column  of 
ore  of  double  the  height  and  about  half  the  sectional  area  of  the 
larger.  Now,  by  passing  the  same  volume  of  gas  in  a  given  time 
through  each,  the  relation  of  one  to  the  other  is  the  same  as  exists 
in  the  two  layers,  in  furnaces  A  and  B,  with  the  exception  that  the 
tension  of  the  gases  is  practically  that  of  the  atmosphere  in  both. 
Trial   of  the   loaded  tubes  by  a  manometer,  at  a  rate  of  from  30  to 
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40   liters  per  hour,  showed   a  pressure  corresponding  to  less  than  2 
millimeters  of  mercury.      Hence,  in    the  following  table  of  experi- 
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ments,  the  amount  of  ore  and  gas,  tension,  rate  of  flow,  and  tem- 
perature are  constant,  with  velocity  due  to  the  constricted  area  of  the 
small  tube  a  variable. 
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The  results  obtained  are  recorded  in  Table  I.  The  amount  of 
reduction  in  all  experiments  is  calculated  on  100  parts  of  oxygen, 
and  the  deposited  carbon  on  100  parts  of  the  reduced  substance. 
Under  the  head  of  apparatus,  L  and  S  refer  to  large  and  small 
tubes  respectively. 

In  interpreting  this  and  the  following  tables,  only  marked  and 
average  differences  should  be  noted.  Greater  or  less  variation  in 
temperature  is  certain  to  exist;  a  deposition  of  carbon,  occurring  to 
a  greater  extent  in  some  experiments  than  others,  will  prevent  as 
perfect  contact  of  the  gas  with  the  particles  of  the  ore  in  one  case 
as  in  another;  and  the  effect  of  such  slight  changes  is  sometimes 
verv  marked.  ! 

The  general  result  derived  from  these  experiments  is  that  undei 
conditions  of  equal  ore,  gas,  tension,  temperature  and  rate  of  flowj 
with  velocity  twice  as  great  in  the  small  as  in  the  large  tube,  the  re^ 
duction  obtained  was  nearly  2  per  cent,  higher  with  the  slow  thai^ 
with  the  rapid  current.  If  increased  velocity  per  se  could  no|; 
accelerate,  I  can  see  no  theoretical  reason  why  it  should  retard  reducj- 
ing  action;  and  I  am  constrained  to  believe  that  such  differences  a$ 
greater  height  of  the  ore-column  and  hence  closer  proximity  to  the 
upper  and  cooler  portion  of  the  bath  and  possibly  less  perfect  abf- 
sorption  of  heat  by  the  more  rapid  current,  might  be  the  cause  of  the 
lower  results  in  the  small  tube.  To  test  the  latter  {)oint,  ther- 
mometers, with  their  bulbs  protected  from  contact  with  the  sides  of 
the  pipes  by  a  platinum  spiral,  were  introdii#tKl  just  over  the  ore  iiji 
each  tube.  No  constant  or  appreciable  differences  were  discovered!. 
The  fact  is  thus  demonstrated  that,  under  the  conditions  employedl, 
increased  velocity,  if  at  all  enhancing  reduction,  does  not  produce 
sufficient  action  to  prevent  its  being  masked  by  the  effect  of  slight 
and  unavoidable  discrepancies  in  the  mode  of  determination.  For 
these  reasons,  it  is  unsafe  to  attempt  to  draw  conclusions  from  in- 
dividual and  slight  variations  in  the  results,  unless  verified  by  more 
extended  research. 

To  investigate  the  effect  of  velocity  under  conditions  different  from 
those  represented  in  Table  I.,  the  experiments  embodied  in  Table  II. 
were  undertaken.  The  apparatus  used  was  the  same  as  that  employed 
in  the  experiment  just  discussed,  except  that  No.  2  tube  was  of  the 
same  diameter  and  capacity  as  No.  1  (corresponding  to  the  large  tube 
of  Table  I.).  Here  the  amount  of  ore  and  gas,  tension  and  tempera- 
ture are  constants,  with  velocity  due  to  increased  flow  per  unit  of  time 
a  variable.    The  tension  was  that  of  the  atmosphere.    The  tubes  being 
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identical,  the  height  of  the  coliiinn  of  ore  is  the  same,  aiul  thus  elimi- 
nates one  of  the  sources  of  error  in  the  former  ease.  Another  dissimi- 
hirity  is  that  in  this  ease  each  particle  of  ore  is  impintjed  ujjon  hy  the 
same  number  of  atoms  of  gas  in  each  tube,  though  in  No.  1  with  twice 
the  veh)city  of  No.  2.  It  will  be  remembered  that  where  the  small 
tube  was  u.sed  each  particle  of  ore  was  brought  in  contact  with  twice 
as  many  atoms  of  gas  as  in  the  large  tube,  and  with  twice  the 
velocity. 
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These  results  approximate  those  of  the  first  table  as  regards  effects 
of  velocity  on  reduction,  and  tend  to  confirm  them.  In  Table  I., 
the  slow  current  as  an  average  gave  nearly  2  per  cent,  greater  reduc- 
tion than  the  fast,  and  in  Table  II.,  the  difference  is  about  2\  per 
cent.  The  anomal}'  j)re.sented  by  experiment  No.  9  may  very  likely 
be  accounted  for  by  the  fact  that  tube  No.  2  got  plugged  up  twice 
by  carbon,  and  had  to  be  cleared  with  a  reamer. 

The  second  series  of  experiments  was  undertaken  to  ascertain  the 
effect  of  pressure  on  the  action  of  gas  upon  ore.  The  apparatus 
adopted  was  two  round  cast-iron  boxes,  3  inches  by  2^  inches  inside 
diameter,  fitted  with   entrance-  and   exit-tubes,  and  having  covers 
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fastenef]  in  place>by  key-bolts,  making,  with  asbestos  packing,  an 
air-tight  joint.  After  charging  with  ore,  they  were  wired  one  ou 
top  of  the  other,  and  immersed  in  the  bath.  Tension  was  produced 
by  passing  the  gas  tiirough  a  mercury  column  and  a  sufficient  head 
of  water,  obtained  by  connecting  with  a  movable  elevated  reservoir. 
The  apparatus  otherwise  vvas  the  same  as  in  former  experiments. 
The  conditions  maintained  were  ore,  gas,  velocity  and  temperature 
as  constants,  with  tension  of  gas  a  variable. 
Table  III  contains  the  results. 
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These  results  show  pretty  conclusively  that  increase  in  pressure, 
l^er  se,  other  things  equal,  causes  the  gas  to  have  a  greater  reducing 
action.  To  equalize  the  effect  of  any  differences  that  might  exist  in 
temperature  between  the  top  and  the  bottom  box,  the  pressure  was 
in  11  and   12  applied  to  No.  1  and  in  13  and  14  applied  to  No. 
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2.  There  is  some  question  whether  the  re.'^ults  recorded  under 
experiini'iit  13  did  not  t>;et  ehanj^ed  about  in  analysis  ;  and  tlie  testi- 
mony of"  the  other  results  would  so  indicate.  To  further  test  the 
influence  of  tension,  the  two  ex])eriinents  <^iven  in  Table  IV.  were 
made.  The  ai)|)aratus  used  and  the  manner  of  a|iplication  was  the 
same  as  in  the  first  series  of  experiments  given  in  Tal)le  J. 
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An  inspection  of  the.ee  two  results  still  further  indicates  that  in- 
creased pressure,  per  se,  is  an  exciting  factor.  In  exj)erinient  15,  the 
reduction  in  the  small  tube,  with  only  f  the  amount  of  gas,  was 
within  0.6  per  cent,  of  that  in  the  large,  while  the  average  result  of 
the  first  7  experiments  showed  a  difference  between  the  large  and 
small  tubes  of  about  2  per  cent,  with  equal  amounts  of  gas  used. 
Experiment  16  speaks  for  itself.  A  careful  and  unbia.sed  examina- 
tion of  all  results  obtained,  will,  I  think,  justify  the  conclusion  that 
the  effect  of  increased  velocity  by  itself  (other  things  being  equal) 
on  the  reduction  of  iron-ore  by  blast-furnace  gas,  at  the  temperature 
of  melting  zinc,  is  inappreciable,  or  at  least  undeterminable  with  the 
apparatus  used;  while  increased  tension,  other  things  being  equal, 
exerts  an  exciting  influence  and  enhances  reduction,  presumably  by 
promoting  the  transpiration  of  the  gases;  thus  tending  to  confirm 
with  the  experiments  of  Mr.  Bell,  before  alluded  to,  the  explanation 
of  Mr.  Walsh,  rather  than  that  of  the  author  himself. 

As  regards  carbon  dej)osition  and  its  ratio  to  reduction,  the  figures 
seem  to  indicate  that  the  greater  the  reduction,  the  greater  the  de- 
position ;  but  so  extremely  irregular  is  the  action  that  it  can  hardly 
be  formulated. 
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That  a  portion  of  these  results  are  to  a  certain  extent  contradictory, 
I  am  aware ;  but  the  mass  of  their  testimony  tends  to  support  the 
correctness  of  the  views  above  expressed.  If  these  are  true,  though 
the  figures  cannot  be  held  as  conclusive,  they  at  least  strongly  sup- 
})ort  the  conclusion  that  in  a  furnace  of  contracted  stack  and  throat, 
the  increased  rapidity  due  to  the  constricted  area,  wath  which  the 
stock  passes  through  the  reducing  zone  is  partially,  but  by  no  means 
fullv,  com|)ensated  for  by  the  acceleration  of  reduction  due  to  the 
greater  tension  of  gases. 

Though  the  ideas  of  Mr.  Walsh  may  be  approximated  in  some 
such  exj^erimental  manner  as  the  above,  their  practicability  can  of 
course  never  be  confirmed,  and,  perhaps,  never  conclusively  denied, 
till  some  one  has  the — may  I  say  ? — financial  strength  of  his  con- 
victions. 


THE  MINEBALS  OF  ONTABIO  AND  THEIB  DEVELOPMENT. 

BY   WILLIAM   HAMILTON   MERRITT,    F.G.S.,   TORONTO,    CANADA. 

(Buffalo  Meeting,  October,  1888.) 

A  BRIEF  paper  on  this  subject  (which  might  readily  be  made  to 
fill  a  volume)  is  suggested  at  this  time  by  several  considerations, 
among  which  may  be  named  the  meeting  of  the  Institute  on  the 
borders  of  Ontario,  not  far  from  some  of  the  mining  undertakings 
which  are  hereafter  mentioned  ;  the  mineral  developments  made  in 
the  Province  quite  recently  ;  the  highly  creditable  collection  of  most 
of  the  minerals  of  Ontario,  for  the  first  time  got  together,  and  ex- 
hibited this  year  at  Cincinnati,  in  the  Centennial  Exhibition  of  the 
Ohio  Valley  ;  and,  finally,  the  recent  appointment,  by  the  Govern- 
ment of  Ontario,  of  a  Commission  to  inquire  into,  and  report  upon 
the  mineral  resources  of  the  Province,  and  the  best  means  to  be 
adopted  for  their  development. 

The  Province  of  Ontario  has  no  Department  of  Mines  or  official 
geologist,  to  take  note,  and  keep  record,  of  mining  and  mineralogical 
development  and  discovery.  Within  the  last  few  years  some  valu- 
able statistics  have  been  collected  by  Mr.  A.  Blue,  the  Deputy  Min- 
ister of  Agriculture;  but  recently  a  desire  has  risen  on  the  part  of 
the  people  to  obtain  further  knowledge  of  these  subjects,  and  the 
government  has  appointed  a  Commission,  the  report  of  which  is 
expected  to  be  issued  in  part,  if  not  in  completed  form,  this  winter. 
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AVith  roferenoe  to  the  mineral  exhibit  at  Cincinnati,  it  is  bnt just 
to  say  that  the  Government  of  Ontario  decided,  only  at  a  very  late 
hour,  to  make  a  dis|)lay  of  the  mineral  products  of  the  Province. 
The  exhibit,  however,  is  cons?idered  to  have  been  very  creditable. 
The  number  of  specimens  was  over  2000,  comprised  in  450  sej>arate 
exhibits.  The  total  weii;ht  of  about  ten  tons  testifies  to  the  econo- 
mic character  of  the  specimens. 

They  were  all  from  different  localities,  and  carried  (as  the  follow- 
ino;  condensed  summary  will  show)  a  wide  range  :  Gold  (30  exhibits, 
including  gold-quartz,  auriferous  mispickel  and  sylvanite) ;  Silver 
(52  exhibits,  including  native  silver,  argentite,  brittle  silver,  ani- 
mikite,  huntilite,  tetrahedrite,  silver-nickel,  argentiferous  galena); 
Copper  (39  exhibits,  including  copper-glance,  native  copper,  copper 
pyrites,  peacock  ore  and  malachite);  Iron  (61  exhibits,  chiefly  mag- 
netite; also,  hematite,  kidney  and  specular  ores,  clay-iron-stone  and 
bog-iron-ore);  Nickel  (6  exhibits  of  niccoliferous  pyrrhotite  and 
arsenical  pyrites) ;  Lead  (20  exhibits  of  galena) ;  Zinc  (5  exhibits  of 
blende);  Arsenic  (3 exhibits  of  mispickel)  ;  Plumbago  (4  exhibits  of 
graphite);  Asbestos  (3  exhil)its) ;  Actolinite  (1  exhibit);  Mica  (9 
exhibits);  Granite  (3  exhibits) ;  Marble  (6  exhibits) ;  Serpentine  (2 
exhibits);  Sandstone  (7  exhibits);  Limestone  (7  exhibits);  Brick, 
Terra-cottaand  Clay  (IS  exhibits) ;  Gypsum  (5  exhibits);  Lime  (4  ex- 
hibits); Hydraulic  cement  (1  exhibit)  ;  Marl  (3  exhibits);  Phosphate 
of  lime  (14  exhibits) ;  Baryta  (4  exhibits) ;  Salt  (16  exhibits) ;  Min- 
eral water  (1  exhibit);  Petroleum  (2  exhibits)  ;  Lignite  (2  exhibits); 
Lithographic  stone  (1  exhibit),  and  82  exhibits  of  mineralogical  and 
lithological  specimens. 

The  boundary  of  the  Province  of  Ontario  has  but  recently  been 
defined  on  the  west  at  the  Lake  of  the  Woods.  It  extends  thence 
eastward  on  the  north  side  of  the  great  lakes  to  the  junction  of  the 
Ottawa  river  with  the  St.  Lawrence,  and  northward  up  to  the  south- 
ern end  of  Hudson's  Bay.  Most  of  this  enormous  area  is  composed 
of  rocks  older  than  the  Silurian. 

An  area  of  Silurian  and  Devonian  occurs  south  of  Hudson's  Bay  ; 
Manitoulin  Island,  in  Lake  Huron,  is  compo.sed  of  Silurian  strata; 
Silurian  or  Devonian  formations  make  up  the  Peninsula  of  Ontario, 
north  of  Lake  Erie,  and  Silurian  strata  fringe  the  northern  side  of 
Lake  Ontario.  Further  east,  a  small  area  of  Lower  Silurian  lies 
between  the  St.  Lawrence  and  Ottawa  rivers,  and  east  of  the  Lau- 
rentian  belt,  which  runs  across  into  New  York  State,  and  causes  the 
formation  of  the   Lake  of  the  Thousand   Islands.     All  the  rest  of 
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Ontario  is  composed  of  Archsean  rocks  of  the  Laurentian  and  Huro- 
nian  series,  save  where  the  Animiivieand  copper-bearing  or  Nepigon 
series  lie  above  them  in  small  patches  on  the  north  and  northeastern 
shores  of  Lake  Superior. 

The  more  these  older  rocks  are  investigated,  the  more  clearly  is 
their  value  recognized  as  the  bearers  of  useful  minerals.  Especially 
is  this  the  case  with  the  Huronian,  which  occupies  great  stretches  of 
country,  north  of  Lakes  Huron  and  Superior.  These  rocks  are 
similar  to  the  great  iron-bearing  series  of  northern  Michigan  and  Min- 
nesota, which,  in  several  places  in  Ontario  (as  recently  near  Ish- 
peming,  Michigan),  have  also  been  proved  to  carry  gold-bearing 
quartz-veins. 

Large  deposits  of  copper-ore,  occurring,  like  the  iron  ranges,  in 
strong  belts,  are  being  opened  up  in  this  Huronian  series,  as  will 
hereafter  be  described  ;  and  it  has  long  been  known  that  many  quartz- 
veins  occur  in  this  formation,  carrying  copper-ore,  similar  to  those 
veins  which  yielded  from  six  to  seven  million  dollars'  worth  of  this 
ore  at  the  Bruce  mines,  near  Sault  St.  ]Marie. 

The  Laurentian  varies  considerably  in  different  parts  of  the 
country.  Large  sections  of  it  in  Ontario  appear  to  carry  practically 
unlimited  amounts  of  iron,  phosphate  and  mica.  Gold  is  found 
occurring  with  mispickel  in  Hastings  County,  north  of  Lake  On- 
tario, in  rocks  that  have  generally  been  considered  I^aurentian,  but 
the  age  of  which  is  open  to  question. 

Granites  and  marbles,  of  very  superior  quality,  are  obtained  from 
both  of  these  Archsean  formations. 

The  most  recent  mining  discoveries  in  the  Province  have  been 
made  in  the  vicinity  of  Sudbury,  in  Algoma,  where  copper  and 
gold  have  been  developed  in  the  Huronian  series.  The  rocks  here 
consist  of  quartzites,  chloritic,  hornblendic  and  talcose  schists  and 
diorites,  both  coarse-  and  fine-grained,  the  diorites  and  schists  being 
especially  prevalent  about  Sudbury.  The  copper  occurs  in  a  highly 
pyroxenic  diorite  belt,  and,  as  a  rule,  associated  with  a  niccoliferous 
pyrrhotite,  the  average  composition  of  the  ore  being  from  .3  to  7  per 
cent,  of  copper  pyrites,  2|  to  3|  per  cent,  nickel,  about  63  per  cent, 
pyrrhotite,  and  30  per  cent.  rock.  Some  10,000  tons  have  been 
mined  up  to  the  present  time.  The  ore  occurs  irregularly  in  large 
lenses,  dipping  S.E.,  and  is  also  found  disseminated  through  the  dio- 
rite, with  which  it  has  undoubtedly  been  brought  up.  The  belts 
can  be  traced  for  a  long  distance  through  the  country,  and  the  ore- 
deposits,  at  uncertain  intervals,  are  distinguishable  by  the  red  color 
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givcMi  to  tlie  soil  by  the  decomposed  ferruginous  matter.     The  ore  is 
lianl,  and  the  ore-lenses,  as  a  rule,  form  hills  or  mounds. 

Jv\ani])les  are  seen  (as  at  the  Vermilion  (•o|)i)er  shaft),  where 
chalcopvrito  forms  veins  and  masses,  with  hrec(Ma  of  diorite,  asso- 
ciated with  which  native  ('oj>|)or  has  been  found  in  leaf-form.  It  is 
possible  that  this  rich  copper-ore  is  due  to  a  secondary  action,  and 
has  leached  or  segregated  out  from  the  diorite.  Free  gold  has  been 
found  with  the  diorite  in  which  the  copper  occurs.  Rich  specimens 
of  gold  are  obtained  in  this  district  from  a  quartz-vein,  cutting  a 
close-grained  dioritic  rock. 

The  Port  Arthur  district,  already  known  to  be  productive  in  sil- 
ver, through  the  Silver  Islet  mine, — which  yielded  some  three  mil- 
lion dollars'  worth  of  silver-ore, — has  recently  been  developed  in  a 
new  locality,  west  and  southwest  (Silver  Islet  is  southeast)  of  Port 
Arthur,  The  silver-bearing  veins  cut  the  black  shales  of  the  Ani- 
raikie  formation,  which  rest  unconformably  in  a  horizontal  position 
on  the  Hurouian,  and  occupy  an  area  in  this  district  estimated  at 
about  1500  square  miles.  In  places  they  are  capped  by  a  thick 
overflow  of  trap.  A  great  number  of  veins  occur  in  this  district, 
cutting  through  the  above-mentioned  series  so  far  as  followed.  They 
generally  occupy  faults  which  have  thrown  the  beds  on  one  side  of 
the  vein  above  or  below  those  on  the  other  side.  Sometimes  these 
veins  cross  intrusive,  vertical  dikes,  as  at  Silver  Islet.  The  capping 
of  trap  has  prevented  the  weathering-down  of  the  underlying  shale, 
so  that,  at  the  escarpment  formed  where  the  overlying  trap  occurs,  it 
is  possible  to  see  the  veins. 

The  common  gangue-minerals  of  the  veins,  to  the  southwest  of 
Port  Arthur,  are  quartz,  amethyst,  calcspar,  fluorspar  and  heavy  spar. 
They  carry  iron  pyrites,  galena,  zinc  blende  (often  rich  in  silver), 
with  native  silver  near  the  surface,  and  argentite  below.  The  galena, 
is,  as  a  rule,  not  argentiferous. 

The  veins  run  in  different  directions — N.  and  S.,  N.E.  and  S.W., 
K.W.  and  S.E.,  and  E.  and  W.,  the  latter  being  the  strike  of  the 
majority.  Neither  direction  apj)ears  to  possess  any  advantage  over 
the  others.  Of  the  richest  developed  thus  far,  the  Silver  Islet 
strikes  N.  and  S.,  and  the  Beaver  and  the  Badger  N.E.  and  S.W. 
Three  mines  in  this  district  (southwest  of  Port  Arthur),  though  only 
in  process  of  opening,  have  produced  about  half  a  million  dollars' 
worth  of  silver  thus  far,  and  there  are  some  fourteen  other  locations, 
all  of  which  have  been  proved  to  have  ore  of  value. 

It  may  be  said,  in  short,  that  both  of  the  above-mentioned  dis- 
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tricts  of  Sudbury  and  Port  Arthur  have,  for  the  work  done  in  them, 
given  results  in  the  highest  degree  encouraging;  and  it  is  altogether 
probable  that  both  will  prove  to  be  important  raining  centers. 

Among  other  new  developments  worthy  of  mention  is  the  beau- 
tiful banded  marble  of  the  Huronian  series,  which  is  now  being  de- 
veloped by  a  Chicago  firm  near  Garden  river  in  xVigoma.  This 
marble  occurs  in  a  wide  belt,  running  a  little  north  of  east,  and 
crops  out  in  the  side  of  a  mountain,  where  it  is  quarried  in  an  open 
cut.  It  is  beautifully  tinted  in  shades  of  svhite,  green  and  pink,  is 
exceptionally  hard,  and  takes  an  excellent  polish. 

A  development  of  Laurentlan  marbles  has  lately  taken  place  near 
jMadoc  and  Bridgewater  in  Hastings  county.  The  quarries  are  just 
getting  deep  enough  to  turn  out  very  fine  merchantable  marble.  The 
colors  are  white,  pink,  and  a  dark  gray,  which  polishes  almost  black. 
Great  quantities  of  these  marbles  occur  in  the  Ijaurentian  formation 
north  of  Lake  Ontario,  similar  to  those  which  have  been  so  success- 
fully developed  at  Gouverneur  in  New  York  State.  One  band  has 
been  worked  for  years  at  Arnprior,  and  another  quarry  is  being 
opened  at  Renfrew.  The  limited  market  alone  prevents  their  ex- 
tensive development. 

Another  new  industry  near  Buffalo  may  be  worthy  of  mention. 
It  is  the  establishment  of  calcining-works  at  the  white-gypsum  de- 
posits, on  the  Grand  river  in  Haldimand  county,  to  manufacture 
plaster  of  Paris.  At  present  the  quarries  in  Xova  Scotia  and  New 
Brunswick  provide  most  of  the  material  used  for  this  purpose,  both 
in  the  United  States  and  Canada. 

Finally,  I  would  mention  that  beds  of  superior  clay  for  pressed 
bricks  have  been  developed  near  Hamilton  City,  at  Milton,  and  at 
Deseronto.  Excellent  tert'a-cotta  for  interior  and  exterior  use  in 
dwellings  was  exhibited  at  Cincinnati,  made  from  the  former;  supe- 
rior pressed  brick  of  a  dark-red  color  is  made  at  Milton;  and  at 
Deseronto  a  great  variety  of  patent  porous  bricks  and  tiles  is  man- 
ufactured for  use  in  fire-proof  buildings. 

The  statistics  of  the  mineral  production  of  the  Province  are  not 
obtainable  from  any  official  source,  except  where  they  are  alluded  to 
in  the  Report  of  the  Geological  Survey  of  Canada  relating  to  sta- 
tistics of  mines  and  minerals.  This  report,  though  only  in  its  second 
year  of  issue,  is  beginning  to  meet  a  great  want  on  the  part  of  the 
public,  and  especially  of  mining  men  and  capitalists;  it  was  badly 
needed,  and  it  is  a  valuable  addition  to  the  Survey. 

From  figures  obtained  from  the  Survey  Report  and   elsewhere, 


Quantity. 

Vftlne. 

120  tons. 

$1/200 

800  tons. 

6,0(t0 

'100,000  lbs.  ( 

in  ore.) 

42,000 

450  oz. 

6,760 

5000  ton.s. 

7,500 

17,143  tons. 

49,906 

20.000  Ihs. 

27,200 

200,0(10  lbs.  ( 

in  ore.) 

65,000 

763,933  bbls. 

593,868 

3000  tons. 

45,000 

375.000  bbls. 

(280  lbs. 

)     140,000 

383,630  oz. 

368,284 
2,153,084 
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both  hofc^ro  and  since  its  jnihlicatioti,  tlie  following  statement  has 
been  compiled.  It  re|)rescnts  a|)])ro.\iinately  the  production  of  the 
Province  of  Ontario  for  the  twelve  months  preceding  this  meeting 
of  tiie  Institute. 

Ai"senio, .         ..... 

Fibrous  serpentine, 

Copper, 

Gobi; 

Gypsnin,         ..... 
Iron  ore  (from  July    1st,    1887,  to 

October  1st,  1888),      . 

Mica, 

Nickel 

Petroleum,     ..... 
PlK)spbates,    ..... 

Salt, 

Silver, 383,630  oz. 

Granite,  Maii)b',    Buildinn;  stone, 

Lime, Cement,  Bricks  and  Tiles 

$3,505,802 

These  minerals  are  produced  in  the  following  places,  and  occur  in 
the  formations  designated  : 

Arsciiic. — Produced  from  the  arsenical  gold-veins  in  Hastings 
county,  occurring  in  the  Laurentian  formation. 

Fibrous  Serjientine. — In  the  Laurentian  formation  in  Plastings 
county;  in  veins  and  irregular  deposits  at  junction  of  dolomite  and 
gneiss.  It  is  ground  up  at  Bridgewater,  and  used  for  fire-proof 
roofing. 

Copper. — Found  as  copper  pyrites  at  a  number  of  places  in  the 
Huronian,  especially  in  the  vicinity  of  Sudbury,  and  also  in  the 
Lake  Superior  district;  also,  as  native  copper,  in  the  copper-bearing 
series  at  Michipicoten  Island  and  Mamasse  Point,  Ijake  Superior. 
The  production  mentioned  is  from  tlie  former  place;  but  the  Michi- 
picoten mine  is  being  re-opened. 

Gold. — In  many  places  in  the  Huronian  .series;  in  the  Lake  of 
the  Woods;  at  points  between  Lake  of  the  Woods  and  Port  Arthur; 
at  Jack  Fish  Lake  in  a  large  vein  as  sylvanite;  from  Goulais  Bay, 
northwest  of  Sault  St.  INIarie;  at  several  j)laces  between  Sanlt  St. 
Marie  and  Sudbury  to  the  east — notably  at  the  Vermilion  mining 
property  in  Denison  township.  Very  rich  specimens  of  native  gold 
are  obtained  from  the  Lake  of  the  Woods  and  Denison.  Gold  is  at 
present  extracted  to  a  small  extent  from  mispickel  veins  in  Hastings 
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county.  Tlie  raispickel  carries  in  places  about  $14  per  ton  of  gold, 
and  there  are  great  quantities  of  it.  It  has  been  obtained  contain- 
ing 6  ozs.  of  gold  per  ton.  Free  gold  has  been  found  to  the  north 
of  Napanee,  in  Addington  county. 

Gyp.mm. — Produced  on  the  Grand  river,  Haldimand  county, 
within  40  miles  of  Buffalo,  in  the  Onondaga  formation,  and  in  this 
locality  is  white.  Deposits  of  bluish  or  grayish  color  occur  higher 
up  the  river,  at  Paris,  in  Brant. 

Iron-Ore. — Magnetite  and  haematite  occur  in  the  Huronian  series 
at  Gun  Flint,  Knife  and  North  lakes  ;  also  at  places  from  there 
northeast  up  to  the  Kaministiquia  river,  and  again  to  the  east  of 
Port  Arthur,  benig  5#  continuation  of  the  Vermilion,  Minn.,  range 
to  the  N.E. ;  also  on  the  north  shore  of  Lake  Huron  in  different 
places  from  Echo  lake  to  Killarney,  chiefly  as  specular  ore.  In 
the  Laurentian  formation,  from  west  of  Kinmount,  in  Victoria 
county,  eastward  to  Frontenac  county,  and  near  the  Ottawa  river, 
there  are  a  series  of  rich  iron-ore  deposits,  chiefly  magnetite;  but 
haematite  is  found  in  places.  The  production  mentioned  is  from  de- 
posits along  the  Kingston  &  Pembroke  Railroad  in  Frontenac 
county.  Other  mines,  opened  in  the  district  mentioned,  are  at  })res- 
ent  idle,  owing  to  the  duty  on  ores  entering  the  United  States  and 
the  want  of  blast-furnaces  in  the  Province.  These  Ontario  Lau- 
rentian iron-ores  are,  as  a  rule,  low  in  phosphorus;  but  some  of 
them  carry  a  little  sulphur.  There  are,  also,  considerable  deposits 
of  magnetite  containing  titanic  acid  ;  but  these  are  not  worked. 

Mica. — From  the  Laurentian  formation  in  the  counties  of  Fron- 
tenac and  Lanark. 

Marble. — Worked  in  the  Laurentian  at  Arnprior  on  the  Ottawa 
river,  and  in  Hastings  county.  It  occurs  in  many  other  places.  It 
is  worked  in  the  Huronian  series  at  Garden  river,  Algoma. 

Petroleum. — Extracted  from  the  Devonian  formation  in  the  west- 
ern part  of  the  peninsula  of  Ontario.  The  present  production  comes 
from  the  county  of  Lambton,  from  the  vicinity  of  Petrolia  and  Oil 
Springs.  This  petroleum  resembles  that  from  Ohio.  It  has  more 
sulphur  and  heavy  oils  than  the  Pennsylvanian.  Much  ingenuity  is 
displayed  in  the  refining  processes,  and  the  best  quality  of  coal-oil  is 
produced  by  some  of  the  refiners. 

Phosphates. — Apatite  occurs  extensively  in  the  Laurentian  forma- 
tion in  eastern  Ontario,  in  beds  or  deposits  and  in  veins,  chiefly  in 
the  counties  of  Lanark  and  Frontenac,  and,  as  a  rule,  in  a  pyrox- 
ene rock  associated  with  hornblende,  calcspar  and  scapolite. 
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Salt. — Prodiicoil  by  jjiiinpini!;  and  evaporating  brine  from  tliick 
beds  of  salt  which  occur  in  the  Onondaga  formation.  The  niauu- 
iactiirino-  is  most  hirgely  developed  in  the  counties  of  Ilui'on,  lirnee 
and  I.amhton,  in  the  western  part  of  the  |)eninsnla  of  Ontario.  The 
extent  of  the  beds  is  very  great,  and  the  (piality  of  the  brine  is  ex- 
cellent. 

Silrcr. — Produced  from  veins  occurring  in  the  AniraiUie  black 
slates  or  shales  to  the  southwest  of  Port  Arthur,  in  Algoma.  Found 
with  lead  in  many  veins  in  the  liuronian  ;  but  none  of  them  iiave 
been  worked  successfully  as  yet. 

Granites,  b}iilding-stones,  limestones  and  brick-clays  are  found  in 
many  i)laces  in  the  province  in  large  quantiti*. 

Cement  is  made  from  a  bed  in  the  Clinton  formation,  at  Thorold 
in  Lincoln  county,  and  from  a  bed,  probably  of  the  Trenton  forma- 
tion, at  Xapanee  Mills,  in  Lennox  county. 


WATEB-GAS  AS  A   STEAM-BOILEB  FUEL. 

BY  D.  S.  JACOBUS,  HOBOKEN,  N.  J. 

(Buffalo  Meeting,  October,  1SS8.) 

Lr  is  j)roj)osed  to  give  in  this  paper  an  estimate  of  the  cost  at 
which  carburetted  and  uncarburetted  water-gas  will  have  to  be  sold, 
in  order  to  compete  successfully  for  steam-boiler  use  with  anthracite 
coal. 

The  following  are  analyses  of  the  gas  direct  from  the  generator, 
and  of  the  same  after  it  has  been  carburetted  for  illuminating  pur- 
poses. 

Per  cent,  by  Volumes. 

I.  II. 

Uncarburetted.  Carburetted. 

Nitrogen, 4.69  2.5 

Carbonic  aci(!,    ......           3.47  .3 

Ethylene, 0  12.5 

Oxygen, 0  .2 

Benzole  vapor, 0  1.5 

Carl)onic  oxide, 36.80  29.0 

Marsh-gas 2.16  24.0 

Hydrogen, 52.88  30.0 

100.00  100.0 
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Analvsi.s  I.  is  taken  from  a  report  on  the  Granger  water-gas,  by 
Dr.  G.  E,  Moore;*  11.  is  an  average  of  a  number  of  analyses  of  an 
illuminating  gas  made  by  a  similar  method. 

By  reducing  the  above  analyses  to  percentages  by  weight,  we  ob- 
tain the  results  given  in  Table  I. 

In  the  use  of  this  gas  as  a  steam-boiler  fuel,  the  products  of  com- 
bustion are  not  reduced  enough  in  temperature  to  allow  the  water- 
vapor  contained  therein  to  condense  and  thus  part  with  its  latent 
heat.     In  calculating  the  calorific  power  of  the  gas,  the  heat  that  is 


Table  I. 


Uncarburetied. 

Carburetted. 

Weight. 

c     2 
1    > 

Weight. 

1  :c 

S  >>taO 

P4       ^ 

Nitrocen 

4.69 

3.47 

0 

0 

0 

36.80 

2.16 

52.38 

0.972 
1.524 

0.973 
0.559 
0.069 

0.045587 
0.052883 

0.358064 
0.012074 
0.036487 

9.03 
10.47 

70.89 
2.39 
7.22 

2.5 

.3 

.2 

12  5 

1.5 

29.0 

24.0 

30.0 

0.972  10.024.30 
1.524    0.00457 
1.1056  0.002 Jl 

3.84 

.72 

.34 

19.35 

6.58 

44.66 

21.23 

3.28 

Carbonic  acid  .... 
Oxygen      

Ethylene 

0.978    0.12225 
2.770  :0.04155 
0.973    0.28217 
0.559    0.13416 
0.069    0.02070 

Benzole  vapor.... 
Carbonic  oxide.... 

Total 

100.00 

0.505095 

100.00 

100.0 

0  63191 

100.00 

Calculated  densi 
of  air. 

y,  0.505  ti 

mes  that 

Calcula 
of  £ 

ted  density,  0.632  times  that 
lir. 

imparted  to  the  water-vapor  will  therefore  be  subtracted,  in  order  to 
determine  tiie  amount  that  is  available  for  heating  purposes. 

It  is  also  assumed  that  the  heat  imparted  to  the  gas  during  the 
process  of  its  manufacture  is  lost  by  radiation  and  conduction,  this 
being  the  case  when  the  gas  is  stored  in  a  holder  and  transmitted  to 
the  consumer  by  means  of  a  system  of  piping. 

*  Mr.  Emerson  McMillin,  in  an  article  on  fuel-gas,  presented  to  the  American 
Gas-Light  Association,  at  its  meeting  held  in  New  York,  October  20, 1887,  gives  an 
analysis  of  nncarburetted  water-gas,  having  the  following  constituents  in  percentage 
by  volume;  N,  2.0;  CO2,  4.0;  CO,  45.0 ;  CHi,  2.0;  H,  45.0;  0,0.5;  water- vapor, 
1.5.  He  adds,  however,  that  since  calculating  the  tables  used  in  his  paper,  he  is 
satisfied  that  this  sample  of  water  gas  is  not  an  average  one,  the  CO  being  too  high 
and  the  H  too  low.  It  would  therefore  appear  that  the  analysis  I  have  adopted  is 
more  nearly  an  average  one. 
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The  calorific  power  of  tlie  gases  in  British  heat-units  is  given  in 
Tal.le  IL* 

Table  II. 


Nitrogen 

Carbonic  acid.. 

Oxygen 

Ktlivlenc 

Henzole  vapor. 
Carbonic  oxide 

Marsh  gas 

Hydrogen 

Total.... 


Uncarbu  retted. 


9.03 

10.47 

0 

0 

0 

70.89 

2.::!9 

7.22 


ioo.ro 


o  e 
:  u  o 


•euri   l-sr? 


-.B 

'c5    = 


0 

0 

0 

20135 

17847 

439(5 

21593 

51804 


.0 
.0 
.0 
.0 
.0 

311fi.3 
516.1 

3740.2 


7372.6 


Carburetted. 


«        p; 


3.84 

.72 

.34 

19.35 

6.58 

44.66 

21.23 

3.28 


100.00 


C  a> 


0 

0 

0 

20135 

17847 

439(i 

21593 

51804 


3896.1 
1174.3 
1 963.3 
4584.2 
1699.2 


13317.1 


Experiments  were  made  to  verify  the  ratio,  indicated  by  Table 
II.,  between  the  heats  of  combustion  of  the  gas  before  and  after 
being  carburetted,  by  determining  the  time  and  quantity  of  gas 
required  to  evaporate  a  given  weight  of  water  contained  in  an 
open  ves.sel,  heated  by  means  of  a  gas-stove.  The  burner  of  the 
stove  used  for  burning  the  carburetted  gas  caused  air  to  be  mingled 
with  the  gas  before  the  latter  was  burned,  thus  [)roducing  a  color- 
less flame.  For  the  uncarburetted  gas,  the  burner  was  of  the 
Argand  pattern,  and  air  was  not  mingled  with  the  gas  before  it  was 
})urned.     The  results  of  the  tests  are  given  in  Table  III. 

From  Table  III.  we  obtain  an  average  evaporation,  per  1000  cubic 
feet  of  uncarburetted  gas,  of  130.9  pounds  of  water  from  the  tem- 
perature of  212°  and  at  atmospheric  pressure,  and  for  the  carl)uretted 
gas  an  average  of  242.1   pounils.     That  is,  the  experiments  tend  to 


*  Tlie  licats  of  combustion  of  tlie  several  gases,  as  given  in  Table  II.,  are  those 
deduced  by  Mr.  G.  E.  Moore  from  the  experimental  results  of  J.  Thomsen.  Since 
completing  the  calculations  given  in  this  article,  I  liave  made  the  necessary  trans- 
formations in  Thcmsen's  original  experimental  residts,  and  find  that  my  figures 
agree  with  those  obtained  by  Mr.  Moore  to  within  the  limits  of  practical  error.  As 
there  is  no  record  of  the  values  of  the  atomic  weights  employed,  it  is  probable  that 
the  variations  which  occur  are  caused  by  our  having  employed  slightly  diflerent 
values  for  the  atomic  weights. 
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show  that  the  ratio  of  the  calorific  power  of  the  uncarburetted   to 

that  of  the  carburetted  gas,  by  volume,  is  ^-p^  =  0.54. 

The  volume  of  one  pound  of  air  at  62°  Fahr.  is  13.14  cubic  feet, 
hence  the  calorific  powers  of  the  gases  per  cubic  foot  on  the  basis  of 
Table  II..  should  be  : 


Uncarburetted, 


7373 X  .505. 
13.14 


283.3  heat  units, 


Carburetted,  IM^L^:^ --.  640.5  heat  units. 

The  calorific  powers  calculated  from  the  analyses  of  the  gases  are 

283  3 
therefore  in  the  ratio  of  ^7^^=0.44,  a  figure  that  is  lower  than  that 

640.O  ^ 

given  by  experiment.     It  is  very  j)robable,  however,  that  the  eflfi- 

Table  III. 
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4.64 

128.5 

" 

4 

59 

62 

4 

111 

79J 

34.8 
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ciency  of  combustion  in  the  practical  tests  of  the  two  gases  was  not 
precisely  the  same,  and  we  may  therefore  conclude  that  the  calo- 
rific effects,  as  calculated  from  the  analysis,  are  in  about  the  same 
ratio  as  would  be  obtained  under  maximum  efficiency  in  actually 
burning  the  gases.  One  jiound  of  good  Lackawanna  coal  has  a  calo- 
rific power  of  13,000  heat  units.*     The  number  of  cubic  feet  of  gas 


*  J.  C.  Hoadley's  Report  on  Trials  of  a  Warm-Blast  Apparatus.     Tran^.  Am.  Soe. 
of  Mech.  Eny.,  1885. 
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rtHjiiireil  to  pfodiice  the  .same  heating  effect  as  is  produced  in  hurn- 
inir  one  ton  of  coal  will  thercfofe  be: 


rnea,l.„ro,tcd,as,^^'^;;;j^20n0_,j^^3^ 

Car.,u,-e.tedgas,^"'^^>^  =  40,o90. 

The  efficiency  of  a  boiler  will  be  about  the  same  when  bnrnlnsj  gas 
for  fuel  as  when  coal  is  used.  If,  therefore,  we  disregard  the  differ- 
ence in  the  cost  of  attendance,  in  tavor  of  using  gaseous  fuel,  40,590 
cubic  feet  of  r-arburetted,  or  91,780  cubic  feet  of  uncarburctted  gas, 
must  be  sold  ibr  tiie  same  price  as  one  (short)  ton  of  coal,  in  order 
to  succe.ssfid  1  y  com|)ete  with  the  latter  for  use  under  steam-boilers. 

We  will  estimate  the  probable  excess  of  cost  involved  in  tiring  with 
coal,  above  that  of  gas-firing.  In  burning  natural  gas,  it  has  been 
found  that  one  man  is  able  to  attend  to  boilers  aggregating  1500  H.  P., 
whereas,  if  coal  is  used,  200  H.  P.  will  be  a  fair  figure.  It  there- 
fore requires,  in  the  case  of  large  plants,  only  about  -^^  as  much  labor 
to  fire  with  gas  as  is  involved  in  firing  with  coal.  If  the  wages  of 
firemen  are  ^2.50  per  day  of  twelve  hours,  the  cost  of  firing  one  ton 
of  coal  in  boilers  that  require  4  pounds  of  coal  per  boiler  H.  P.  per 

.,,    ,        2.5X2000     ,,,,„, 
hour,    will    be  T——7r-^—7-:  dollars  =  52.1  cents. 
'  1 2  X  20U  X  4 

The  cost  of  firing  with  gas  would  be  y^^  of  this  amount,  so  that  the 

extra  cost  of  firing  with  coal  would  equal  j|  X  52.1  =  45  cents.    To 

make  a  liberal  allowance  in  favor  of  the  gaseous  fuel,  we  will  assume 

that  the  extra  labor  of  firing  each  ton  of  coal  costs  50  cents. 

Table  IV.  contains  the  prices  at  which  the  gas  must  be  sold  per 

1000  cubic  feet  in  order  to  be  as  cheap  as  coal  for  boiler  use;  first, 

Table  IV. 


Cost  of  Coal  delivered  to 
boiler-room,  per  ton  of 
2000  pounds. 

Price  of  gas  per  1000  cubic  feet. 

Not  including  diflTerence  in  cost 
of  attendance. 

Including  difference  in  cost  of 
attendance. 

Carburetted. 

Uncarburetted. 

Carburetted. 

Uncarburetted. 

$6  00 
$5.00 
$4.00 
$3  00 
$2.00 
$1.00 

14.8  cts. 

12.3  cts. 

9.9  CLS. 

7.4  cts. 
4.9  cts. 

2.5  cts. 

6.5  cts. 
5.4  cts. 
4.4  cts. 
3.3  cts. 
2.2  cts. 
1.1  cts. 

16.0  cts. 
13.6  cts. 

11.1  cts. 

8.6  cts. 
6.2  cts. 

3.7  cts. 

7.1  cts. 
6.0  cts. 
4,9  cts. 
3.8  cts. 
2.7  cts. 
1.6  cts. 
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disregarding;  the  difference  in  the  cost  of  attendance,  and  secondly, 
assuming  that  the  extra  cost  of  firing  with  coal  is  50  cents  per  ton. 

Conclusions. 

(a)  As  the  cost  of  manufacturing  the  uncarburetted  water-gas,  by 
the  present  processes,  not  including  interest  on  capital  invested,  is 
from  10  to  20  cents  per  1000  cubic  feet,  *  it  does  not  appear  possible 
to  employ  it  economically  for  a  boiler-fuel,  until  considerable  reduc- 
tion in  cost  of  production  shall  have  been  made. 

(6)  For  culinary  purposes,  where  a  small  amount  of  heat  is  re- 
quired, and  it  is  of  special  advantage,  to  have  this  heat  under  ready 
control,  fuel-gas  could  in  all  probability  be  sold  at  a  price  that  would 
make  it  a  more  desirable  fuel  than  coal.  For  house-warming  pur- 
poses, however,  that  are  not  of  too  limited  a  nature,  it  is  not  prob- 
able that  gas  could  be  sold  cheap  enough  to  displace  coal;  for  the 
efficiency  of  a  good  steam-heating  plant  is  about  50  per  cent.  ;  and 
if  the  heating  efficiency  of  the  gas  be  taken  at  80  per  cent,  on  account 
of  any  advantage  that  it  might  have  in  applying  the  heat  more  di- 
rectly to  the  air  in  the  room,  the  price  at  which  it  would  have  to  be  , 
sold,  in  order  to  be  as  cheap  as  coal,  could  be  only  three-fifths  greater 
that  the  figures  given  in  Table  III. 

(c)  It  would  also  appear  from  Table  III.,  that  a  carburetted  gas 
might  possibly  be  made  that  would  cost  less,  for  an  equal  heating 
effect,  than  an  uncarburetted  gas,  in  othei  words  that  water-gas 
might  be  made  a  medium  for  burning  liquid  petroleum  fuels. 


tu:e  equalization  of  load  ox  winding-engines  by 
the  e3ipl0yment  of  bpieal  dpiu3is. 

BY  E.    il.   ROGERS,    CENTRAL   CITY,  COLORADO. 

(Buffalo  Meeting,  October,  1888.) 

In  hoisting  from  shafts  of  considerable  depth,  the  dead  weight  due 
to  the  accumulating  length  ofcai)le  is  an  important  element,  and  has 

*  Mr.  McMillin,  in  the  article  previously  cited,  recommends  the  use  of  a  mixed 
fuel-gas  that  could  be  manufactured  and  stored  in  the  holder,  for  7.88  cents,  9.72 
cents,  and  11.7.5  cents  per  1000  feet  with  coal  at  §2,  §3,  and  $4  per  net  ton  respec- 
tively, and  furnished  to  the  consumer  for  2.5  cents  per  1000  cubic  feet.  This  fuel- 
gas,  according  to  his  calculations,  would  develop,  on  combustion,  323  heat-units 
per  1000  cubic  feet,  or  it  would  possess  about  }  more  heating  effect  per  cubic  foot 
than  the  water-gas  which  has  been  made  the  subject  of  discussion  in  the  present 
paper. 

VOL.  XVII. — 20 
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led  to  tlie  employment  of  conical  drnms  and  other  methods  of  com- 
pensation. It  is  apjKirent  that,  while  the  conical  drum  may  effect 
an  equalization  of  load  at  a  given  depth,  it  cannot  be  made  to  serve 
the  purpose  of  equalization  at  all  points  tiiroughout  the  journey  ; 
and  it  is  a  problem  of  more  difficult  solution,  to  determine  the 
curved  surface  or  spiral  of  a  pair  of  drums,  which  will  insure  a  per- 
fect balance  of  ropes  and  carriage  for  all  positions.  Some  time  since, 
the  writer  had  occasion  to  study  tiie  form  of  such  a  pair  of  drums, 
and,  thiid\ing  his  results  may  be  of  interest  to  others,  presents  the 
following  general  solution  : 

As  a  general  ])roposition,  let  it  be  required  to  construct  a  pair  of 
lioisting-drunis  in  such  a  manner  that  the  system  may  be  balanced 
throughout,  that  is,  the  weight  of  rope  and  carriage  on  one  shall 
balance  the  weight  of  rope  and  carriage  on  the  other  for  all  positions. 
Since  the  drums  must  necessarily  be  of  the  same  shape  and  propor- 
tions, it  is  plain  that  the  system  may  be  considered  as  one  drum, 
winding  from  the  small  end,  and  unwinding  from  the  large  end. 

Now,  if  the  system  is  balanced  when  one  drum  is  entirely  wound 
and  the  other  unwound,  and  the  drums  are  so  constructed  that  the 
increment  of  rope  change  in  weight,  together  with  the  correspond- 
ing increase  or  decrease  of  lever-arm  by  winding  or  unwinding,  i.e., 
radius,  taken  for  any  particular  angular  movement,  will  make  the 
moments  constant  for  all  positions  of  the  drum,  the  system  will  be 
balanced  throughout. 

Let    a=  radius  of  small  end  of  drum. 

Let  a'  =  radius  of  large  end  of  drum. 

weight  of  skip  (which  may  be  considered  as  addi- 


Let    k  =  ^        .       , 

tional  rope). 

Let  ir=  weight  of  entire  length  of  rope. 

Let  w  =  weight  per  unit  (say  one  foot)  of  rope. 

Then,  for  the   position    when  the  whole  rope   is  suspended    from 

the  small  end,  we  have 

After  one  revolution  [k  +  weight  of  one  turn  of  rope  on  large 
end)  X  (radius  after  one  revolution  on  large  end)  must  be  equal  to 
{k  -j-  W —  weight  of  one  turn  of  rope  on  small  end)  X  (radius  after 
one  turn  on  small  end),  and  also  equal  to  ( IF-|-  k)a=  ka'.  That  is 
to  say,  the  moments  for  initial  points  and  for  points  corresponding 
to  one  revolution  on  either  end  are,  by  the  hyj)othesis,  equal. 

Let  us  now  conceive  the  drum  to  be  continuous,  and  suppose  it 
to  be  unwound   to  a  point  at  which  the  radius  is  unity.     Then,  by 
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the  liypothesis,  the  weight  of  rope  and  skip  for  that  position  must 
equal  the  constant  moment  (say,  JI),  since  31 X  unity  =  31.  Ob- 
viously, also,  in  order  that  31  may  be  constant,  tlie  particular 
weight  hanging  at  any   point,  corresponding  to  any  radius,  r,  must 

31    .         31^ 
be — ,  siwce  —  X  r  =  31. 
r  r 

Suppose  the  drum  to  be  unwound  to  any  position,  and  let  the 
radius  at  that  point  =  r.-    Then,  the  weight  of  rope  and  skip  at  that 

point  =  — .     Conceive  the  drum  to  turn    backward  and    forward 
r 

from  this  position,  an  infinitely  small  portion  of  a  revolution,  cor- 
responding to  an  arc  =:  civ,  then  tiie  radii  will  be  respectively 
r -\-dr  and  r — dr.  Let  i  denote  the  weight  of  the  increment  of 
rope  due  to  the  revolution  dv.  Since  the  moment  for  all  positions 
must  =  31,  we  have 

(r  -f  dr)  (^K  —  i^=3I    and    (r  —  dr)  (^—  +i^=  31, 

whence 

.       (r  +  dr)  (^_/)  =  (r-dr)  (^^+i).  (1) 

The  expression  for  differential  of  arc  of  a  spiral,  in  terms  of  radius 
and  arc  of  revolution,  is  dz  =  ^  dr'^ -\- r'du\  in  which  5;=r  arc  of 
spiral,  and  v  =  arc  of  revohition  (referred  to  unit  radius). 

If  we  conceive  the  cross-section  of  the  drum  to  be  a  true  spiral, 
that  is,  a  spiral  in  one  plane,  the  error  will  be  slight,  and  the  weight 
of  increment  of  rope  will  be  w  v^  dr'^  -\-  r^dv\  w  being  weight  of 
unit  of  length  of  rope.  Substituting  this  value  in  equation  (])  we 
have 

(r  +  dr)  {~  —  w  Vd^^fTdv')  =  {r  —  dr)  (^—  +  U7v/ J>  +  r'dv'^ 

whence 

,.  ,   31  dr  ^        

31  -f  — no  ^dr'  +  rW  —  ^  dr  ^dr'  -\-  r'dv' 


--^31— 


r 
31  dr 


^      -f  rw  K^dr'  +  r'  dv  —  iv  dr  ^dr'  +  r'  dv% 

or  by  reduction, 

Mdr  

Squaring, 
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—J-  =  r  iv'  {dr  -f  r'  dv')  =  rWdr'  +  rWdv\ 
or 

••'*'  =  (;^'  -  '■•)  '''■'  •  •  •  •■'*  =  *  V,?^';  (2) 

whence, 

dv=  -, =         ^ ,  and 


idv  :=V  =  Id 


r 

w' 


This  may  be  integrated  by  parts  as  follows: 


-L-et     I — r  =  u  and  -r,  =  dz 


IV 


,.a 


then   V  =^/ adz  =  uz  —  /  zdu ;  and 

cZ,t  =  (/(        _rM     =i(       _.r*)      X  —  ^rVr 


^^  -  -^^^~  and  ../u  =  ^^'^ X        ^(^'^) 

2  y.^  


—  and  zdu  = __  ^ __^ 

V  =  /  udz  =  t(2  —  /zdu  =  —  ^^ — ^ /i__^ 


—  I  sin     -^Tf-  +  Constant. 


2r'  "^  M 
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av    then  v         = — 

J-  =  a'  r  =  o  ^  '^  ■^  "■ 

,    ,    .      1  ?ra^     ,    .      1    tea'"'  ,  , 

For  ordinary  valnes  of  a  and  «',  the  last  two  terms  will  be  very  small 
and  may  be  neglected. 

By  substituting  different  values  for  wand  a'  in  equation  (3),  placing 
second  member  =  2  -  n,  and  solving  with  respect  to  n  (the  number 
of  revolutions),  a  curve  may  be  constructed  which  will  show  the 
values  of  radius  for  various  numbers  of  revolutions,  and  will  rep- 
resent a  section  of  the  drum  made  to  fulfil  the  conditions  of  the 
problem. 

To  find  the  length  of  rope  for  any  particular  radius,  that  is,  to 
rectify  the  curve,  we  may  proceed  as  follows: 


dz  =  >/  dr'  +  r'  dv\ 
But  from  equation  (2), 

Then 


dr^ 


I       (^-A'l'-     U'+f^-Ad,' 


=r .    This  being  the  value  of  dz,  to  find  z : 

^fd.=  nJ^  =  PI'=S±^.  -K  +  Constant. 

r  =  a  f  r  ^a 

=         dz 

r  =  a'       ^      r  =  a' 


w  wr 

M       31 


wa      wa 


(4) 


a  result  which  might  naturally  be  expected,  since  we  have  already 
seen  that  the  weight  hanging  at  any  position  of  the  drum  =  — ,  r 
being  the  radius  for  that  position. 
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The  n|)|)li('ation  of"  equation  (3)   may    he  illustrated   by  a  special 
case.     For  instauee : 

Let  leno-tli  of  rope  =  2000  feet. 

Let  \vei<:;ht  per  foot  of  rope  =  3  pounds. 

Let  weijilit  of  carriaLre  (or  skip)  =  4000  i)oun(ls. 

Let  radius  of  small  end  of  drum  =  4  feet. 

Then  the  constant  moment  31  =  40,000. 

Then  radius  of  large  end  of  drum  =  10  feet. 

(These  particular  values  are  assumed  to  jjermit  easy  substitution  in 
the  formula.) 

Omitting  the  last  two  terms,  equation  (3)  becomes 


v  =  2nn  =  6.28n^        2  «^  2  a- 

Substituting;  a'  =  10  and  a  =r  4  in  the  above,  and  solving  we  find  n 
=  55.8.     That  is,  the  number  of  revolutions  of  drum  between   the 
initial  point  and  largest  radius  =  55.8. 
For  a  =  4  and  a'  =  9,  n  =  53.3. 

In  like  manner,  l)y  substituting  difJerent  values  of  a',  from  4  to 
10,  the  following  results  will  be  obtained  : 

For        a':=  10,  n  =  55.8  corresponding  to  P'  on  Figs.  1  and  2. 

a'=.    9,  n  =  53.3  "  P» 

«           a'=    8,  71  .=  49.5  "  P^  "  " 

"           a'=    7,  71  =  44.4  "  P«  "  " 

«          a'=    6,  n  =  35.1  "  F'  "  " 

"           a'=5i,  71  =  30.8  "  P'  "  " 

"           a'=    5,  w  =  23.9  "  P'  "  " 

"           a'=4i,  71=14  "  P'  "  " 

«           a'=4l,  n=    7.3  "  P' 

"  a'=a=    4,  71  =  0  "  P  "  " 

Strictly  speaking,  the  construction  of  the  foregoing  would  give  a 
spiral  (in  one  plane),  n  being  the  number  of  revolutions,  or  the 
angular  movements,  corresponding  to  different  values  of  the  radius 
a'.  However,  as  before  stated,  we  may  conceive  the  spiral  to  wind 
around  a  drum  of  constantly-increasing  radius,  with  but  si. ght  error, 
and  the  construction  may  be  made  to  show  a  section  of  the  required 
drum.     Thus : 

In  Fig.  1,  from  O  lay  off  horizontal  distances  corresponding  to 
the  movement  of  rope  along  the  drum  for  the  number  of  revolu- 
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tions.  In  this  case,  the  rope  is  assumed  to  be  1^  inches  in  diameter, 
and  a  space  of  ^  inch  is  allowed  for  the  ridge  between  the  folds  of 
the  rope,  making  2  inches  the  space  travelled  along  the  drum  for 
each  turn.  Also,  lay  off  from  O  vertical  distances,  corresponding 
to  the  radii,  from  4  feet  to  10  feet.  Then  the  points,  P,  P^,  P'^,  etc., 
are  points  on  the  curve  of  the  drum  determined  by  assuming  certain 
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Spiral  Drum  for  Equalization  of  Load,  with  Uniform  Distance  Between  Folds. 


radii  (or  values  for  a'),  and  finding  the  corresponding  number  of 
revolutions,  n.  For  instance,  P^  is  the  point  at  which  a'  =  4|  ft., 
and  n=  14;  P"  corresponds  to  a'=  6,  and  n  =  35  ;  etc. 
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It"  the  distance  between  the  folds  of  the  rope  is  supposed  to  he  uni- 
formly increased,  the  surface  will  show  less  curvature,  the  limit 
being  a  cone,  with  the  folds  of  the  rope  spread  considerably  at  the 
large  end. 

Fig.  2  shows   the  surface  of  a  drum,  with  same   conditions  as  in 

Fig.  2.  p'j 


1     a     U    lii     20     24      ii      32      30       4U       -14        43        52        5li      Kevolutions  («) 


Scale .  yi  iiich  —  1  foot, 


Spiral  Drum  for  p]qiialization  of  Load,  with  Increasing  Distance  Between  Folds 

from  Small  End. 


Fig.  1,  except  that  the  folds  are  supposed  to  be  close  together  at  the 
small  end,  and  tiie  distance  between  them  to  increase  uniformly  at 
the  rate  of  xV  i"ch   for  each  turn,  the  object  being,  not  only  to  de- 
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crease  the  curvature,  but  to  pack  the  rope  closely  on  the  straighter 
portion  of  the  drum,  and  give  room  for  parting  flange  and  valley  on 
the  steeper  curve. 

The  drum   must,  necessarily,  contain   the  exact  length  of  rope, 
since,  from  equation  (4),  we  have  the  length  of  rope 
'•  =  «_^         M    __  40,000       4(V100_ 
'  r^a'"  Wa~  Wa'  ~  3X4  ~  3^<l0  ~  "^^"^  "• 

Again,  there  must  be  a  perfect  balance  at  all  points.  For  instance, 
let  a'  =  5,  then  the  length  of  rope  unwound  to  that  radius  [Z)  = 
1333  feet ;  its  weight  =  3  X  1333  =  4000  pounds;  and  the  mo- 
ment =  (4000  +  weight  of  skip)  X  5  =  8000  X  5  =  40,000  =  M. 

It  is  apparent  that  the  difference  between  the  radii  of  the  ends  of 
the  drum  will  be  less  as  the  weight  of  carriage  or  skip  increases,  and 
since  it  is  balanced,  its  weight  is  limited  only  by  the  strength  of 
cable. 

In  closing,  it  may  be  pertinent  to  remark  that  it  is  not  the  pur- 
pose of  this  paper  to  comment  on  the  practicability  of  drums  ar- 
ranged to  obtain  a  perfect  balance  of  ropes,  or  to  discuss  the  economy 
of  such  arrangements,  but  simply  to  obtain  a  general  expression 
from  which  the  form  of  curve  to  fit  any  particular  case  may  be 
determined. 


THE  CELOBINATION  OF  LOW-GBADE  AUBIFEEOUS 
SULPHIDES. 

BY  WM.  B.  PHILLIPS,  CHAPEL  HILL,  N.  C. 

(Buffalo  Meeting,  October,  1888.) 

It  would  be  hard  to  find  a  mineral  region  that  has  been  more 
beset  with  "  processes "  for  the  extraction  of  gold  from  auriferous 
sulphides  than  North  Carolina.  And  it  would  be  hard  to  find 
a  mineral  region  less  sought  by  capital.  So  many  promising  mines 
have  come  to  grief  here  (perhaps  because  they  were  too  "promising"), 
so  many  "processes"  have  been  tried  and  abandoned,  so  much  ex- 
pensive machinery  has  been  bought  and  thrown  aside,  that  to  invite 
money  here  for  investing  in  gold  mines  is  almost  sure  to  cause  a 
smile  of  incredulity,  or  a  sigh  of  disappointed  hopes.  Within  the 
writer's  personal  knowledge,  at  least  five  disastrous  failures  have 
followed  the  introduction  of  as  many  processes.     It  would  seem  as 
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if  the  very  presidiiinr  genius  of  ruilme  liucl  pre-empted  the  State,  and 
mari\ed  it  for  his  own. 

It  would  be  a  curious  question  to  estinuite  where  the  State  stands 
as  regards  out-go  and  ineoine  in  gold  mining.  Putting  the  total 
production  of  the  State,  in  gold,  to  date,  at  S20,000,000  (a  very 
liberal  estimate),  it  is  quite  probable  that  she  is  still  on  the  wrong  side 
of  the  ledger.  The  reason  assigned  for  mining  failures  here,  viz., 
the  refractory  nature  of  the  ores,  is  well  enough  in  its  way,  but  does 
not  strike  at  the  tap-root  of  the  matter.  It  is  the  -^loak  with  whicii 
would-be  inventors  have  sought  to  hide  the  multitude  of  their  sins, 
but  has  now  become  somewhat  threadbare.  The  ores  are  no  more 
refractory  than  they  are  in  many  well-known  and  thriving  camps. 
Thev  are  sulphides,  carrying  variable  amounts  of  gold  and  but  little 
silver.  The  gangue  is  for  the  most  part  quartz,  with  now  and  then 
a  little  lime  and  some  baryta,  as  at  the  Phoenix  Mines,  in  Cabarrus 
Co.,  or  spathic  iron,  as  at  the  old  Fentress  Mine,  in  Guilford  Co.,  or 
a  chloritic  slate,  as  at  the  Gold  Hill  Mine,  in  Rowan  Co.,  or  a  talcose 
slate,  as  at  the  Haile  Mine,  in  Lancaster  Co.,  S.  C.  Most  of  them 
crush  readily,  and  present  no  insuperable  obstacle'to  the  stamj)-mill 
and  concentrator.  Most  of  them  would  be  smelting-ores,  were  lead- 
er copper-ores  at  hand.  They  always  carry  some  free  gold,  fine  and 
coarse,  but  contain  most  of  their  gold  in  combination  or  mechanical 
admixture  w'ith  pyrite.  They  generally  contain  a  little  copper,  some- 
times up  to  2  per  cent. 

The  proportion  of  pyrite  to  gangue  varies,  it  must  be  confessed, 
widely,  running  from  5  per  cent,  to  30  per  cent.  The  veins  of  course 
vary  in  width  to  a  marked  degree,  not  only  as  between  different  dis- 
tricts, but  also  in  the  same  mine.  The  walls  are  generally  firm, 
requiring  but  little  timbering.  In  spite  of  many  contrary  assertions, 
a  considerable  experience  in  North  Carolina  gold-mines  warrants  the 
opinion  that  the  average  a.ssay-value  per  ton  of  ore  delivered  to  the 
stamps  is  not  above  $16.00.  I  cannot  say  exactly  what  proportion 
of  this  is  free  gold.  This  is  a  variant,  and  not  easily  come  at,  except 
for  individual  mines.  A  "clean-up"  of  about  50  oz.  amalgam  per 
week  of  6  days  is  not  uncommon  at  some  mines,  using  10  stamps  and 
two  5' X  4'  plates.  At  other  places  75  oz.,  and  even  90  oz.,  have 
been  obtained.  The  amount  of  free  gold  caught  on  the  inside  and 
outside  plates  depends  more  on  the  way  in  whicli  the  mill  is  run,  and 
on  the  fineness  of  the  gold,  than  upon  any  other  "accidental  "  cir- 
cumstance.    Very  often  indeed,  the  choice  of  the  battery-screen  as 
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to  size  affects  the  yield  of  free  gold.  I  know  of  a  mine  where  the  sub- 
stitution of  a  No.  8  for  a  No,  6  screen  was  attended  by  good  results. 

It  is  not,  however,  my  purpose  at  this  time  to  treat  of  tlie  methods 
of  milling  auriferous  sulphides  containing  some  free  gold.  Every 
one  appreciates  the  importance  of  saving  as  much  of  this  as  possible  ; 
and  there  are  as  many  ways  of  running  a  mill  as  there  are  varieties 
of  ore,  and,  one  might  say  also,  of  mill-men.  The  mill  must  be  run 
according  to  the  character  of  the  ore ;  and  what  suits  a  quartz  gangue 
will  not  of  necessity  suit  talcose  slate.  It  is  to  what  leaves  the  plates, 
the  stamped  ore,  minus  the  free  gold,  that  I  wish  to  ask  attention. 
We  will  take  it  as  granted,  that  the  free  gold  has  been  caught  either 
in  the  battery  or  on  the  plates  or  ii>the  slime-trough,  and  that  what 
we  have  to  do  with  is  a  mixture  of  gangue  and  pyrite.  The  pyrite 
contains  by  far  the  greater  part  of  the  gold  in  the  ore,  and  its  saving 
and  treatment  are  matters  of  prime  importance.  It  is  just  here  that 
so  many  processes  have  failed  ;  and  it  is  because  of  such  failures  that 
North  Carolina  has  become  known  as  "  the  process  State,"  and  the 
Man  with  the  Process  hastens  within  her  borders,  and  erects  an  ex- 
pensive monument  to  folly.  If  this  should  take  the  form  of  a 
funeral  pyre,  he  would  not  have  many  mourners  in  this  part  of  the 
world. 

The  attempt  to  extract  gold  from  pyrite  by  first  roasting  and  then 
treating  in  a  Chilian  mill  came  speedily  to  grief;  and  the  curiou*s 
may  now  see  near  Charlotte  a  mighty  stack,  for  some  years  cold  as 
a  stone,  but  once  used  to  desulphurize  pyrite.  It  did  so,  beautifully. 
The  way  in  which  the  sulphur  was  driven  off  was  admirable;  but 
the  residue  positively  refused  to  part  with  its  gold  by  amalgamation. 

An  attempt  was  made  to  matte  the  roasted  ore,  but  Mr.  Spilsbury 
has  given  {Trans.,  xv  ,  767)  the  reasons  why  this  did  not  succeed. 

A  very  amusing  attempt  was  made,  though  not  indeed  on  roasted 
ore,  but  on  gravel  containing  fine  gold,  to  force  the  mercury  into 
contact  with  the  gold.  The  mixture  of  pulp  and  ''quick"  was  put 
into  wooden  cylinders,  closed  at  the  bottom,  and  provided  with  close- 
fitting  pistons,  working  in  suitable  stuffing-boxes.  Steam-pressure 
was  brought  to  bear  on  the  piston,  and  the  mercury  was  forced,  not 
into  contact  with  the  gold,  but  actually  through  the  pores  of  the 
wood,  and  escaped.     This  process  has  not  been  patented. 

The  matter  was  going  from  bad  to  worse  until  about  1879  or 
1880,  when  the  Mears  chlorination  process  began  to  be  used  at  the 
Phoenix  mines  in  Cabarrus  County.     The  principle  of  chlorinating 
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goltl-oirs  was  not  now,  hut  this  mcthotl  of  a|)|)Iyii)<i;  the  clilorinc  to 
the  roasted  ore  was  ;  and  it  immediately  attracted  attention.  I  visited 
the  works  soon  after  tliey  were  started,  and  was  much  impressed  with 
the  feasihility  of  the  idea.  I5arrel-('hh)rinutioii  promised  well  from 
the  start ;  i>ut  the  Mears  process,  wiiile  in(leed  it  extracted  nearly  all 
the  gohl,  leaving;  hut  a  small  amount  in  the  tailings,  was  too  cnm- 
hrous  and  expensive.  The  ma  nn  fact  tire  and  storage  of  the  chlorine, 
the  hitllow  tiMiniiion,  the  goose-neck  and  pressure-pump,  the  acid- 
chamber  within  the  b.irrel,  were  unnecessary,  troublesome  and  expen- 
sive. IJut  tiie  idea  was  excellent,  of  chlorinating  in  a  lead-lined 
iron  barrel  under  piessure,  turning  down  at  the  proper  time,  filtering 
and  precipitating  with  ferrous  f^ulphate.  The  mistake  that  Mears 
made  was  in  supposing  that  artificial  pressure,  applied  from  without 
through  the  goose-neck  and  hollow  trunnion,  was  the  sine  qua  non  of 
success.  Pressure  is  not  a  factor  in  barrel-chlorination,  but  an  accom- 
paniment. It  is  now  generated  within  the  barrel  by  the  action  of 
sulphuric  acid  on  bleaching-powder,  and  is  due  to  the  evolution  of 
chlorine  gas  in  intimate  contact  with  the  ore.  But  after  all,  and  in 
spite  of  the  mistakes  and  misconceptions  which  led  to  its  abandon- 
ment, the  introduction  of  the  Mears  chlorination  process  marks  a 
distinct  and  very  encouraging  era  in  the  treatment  of  auriferous  sul- 
phides, poor  in  silver.  It  was  a  step  in  the  right  direction.  The 
next  step  was  taken  by  Adolph  Thies,  M.E.,  on  his  assuming  the 
su|)erintendeucy  of  the  Phoenix  mines  in  1881,  and  led  to  complete 
success.  One  by  one  he  discarded  the  chlorine-generator,  the  hollow 
trunnion  and  goose-neck,  the  pressure  pump,  and  the  inner  acid- 
chamber.  He  proved  that  j)ressure  applied  by  means  of  a  pump 
was  not  necessary  to  the  success  of  the  method  ;  that  the  introduction 
of  lime  hydrate  into  the  barrel  and  its  conversion  there  into  bleaching- 
powder  by  the  chlorine  forced  in  was  not  necessary;  that  the  inner 
acid-cliaml)er  and  inner  flanges  were  not  necessary;  and  that  the 
best  and  cheapest  results  were  attained  by  mixing  the  roasted  ore 
with  water  in  the  barrel  to  a  thin  pulp,  and  then  adding  bleaching- 
powder  and  sulphuric  acid  for  the  generation  of  chlorine. 

The  method  of  chlorination,  as  now  carried  on  by  Mr.  Thies  at 
the  Phoenix  mines  and  at  the  Haile  mine,  deserves  a  new  name. 
It  was  by  his  persevering  and  careful  experiments  on  a  working- 
scale  that  the  Mears  process  was  freed  of  the  hindrances  to  eco- 
nomical practice  which  had  hami)ered  its  usefulness.  The  Thies 
process  is  not  the  Mears  process,  any  more  than  the  basic  Bessemer 
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is  the  acid  Bessemer.  Mr.  Thies  deserves  the  full  credit  for  having 
rescued  the  Mears  process  from  impending  failure,  and  for  having 
made  of  it  a  different  though  analogous  thing.  It  is  time  that  this 
was  fully  understood.  He  is  as  much  entitled  to  the  honor  of 
making  barrel-chlorination  a  success  as  any  one  can  be  who  makes 
an  unsuccessful  thing  successful.  For  seven  years  he  has  been 
working  along  steadily  and  quietly  at  the  Phoenix  mines,  perfecting 
barrel-chlorination.  I^ast  March  he  took  charge  of  the  Haile  mine 
in  South  Carolina,  erected  two  chlorinators,  working  four  tons  of 
roasted  concentrates  in  twenty-four  hours,  and  has  run  them  steadily 
for  several  months.  The  plant  will  treat  eight  tons  in  twenty-four 
hours. 

The  success  of  this  method  depends  on  saving  every  pound  of 
sulphurets  possible,  and  working  clean  concentrates.  The  most  im- 
portant factor  in  barrel-chlorination  is  the  concentration  of  the  sul- 
phurets.    If  this  be  neglected,  failure  is  almost  inevitable. 

At  the  Phoenix  mines,  the  ore  is  an  intimate  mixture  of  quartz, 
heavy  spar,  pyrite,  and  a  little  chalcopyrite.  Sometimes  the  pyrite 
constitutes  30  per  cent,  of  the  ore;  sometimes  not  more  than  10  per 
cent.,  the  average  being  not  far  from  15  per  cent.  The  more 
pyrite  the  more  free  gold,  and  the  more  chalcopyrite  the  more 
gold.  The  heavy  spar  also  appears  to  have  a  favorable  influence 
on  the  ore. 

The  works  consist  of  an  8  X  10  in.  Blake  crusher,  two  batteries  of 
stamps  of  5  stj^mps  each,  two  Frue  vanning-machines,  four  roasting 
furnaces,  and  two  chlorinators.  Two  recent  visits  to  the  mines,  of 
several  days  each,  have  enabled  me  to  see  for  myself  what  they  were 
doing  and  how  they  did  it,  and  I  desire  to  express  my  grateful  ac- 
knowledgments to  Mr.  Thies  for  the  uniform  courtesy  with  which  he 
answered  my  questions  and  for  his  kindness  in  allowing  me  the  run 
of  the  mine  and  works.  I  also  visited  the  Haile  mine  where,  as 
before  stated,  Mr.  Thies  has  erected  chlorinators. 

At  the  Phoenix  they  are  chlorinating  one  ton  of  roasted  ore  per 
day.  About  one  ton  of  clean  concentrates  is  obtained  from  seven 
tons  of  ore.  The  roasting-furnaces  are  of  the  revolving-hearth  type, 
each  roasting  three  tons  of  concentrates  in  thirty-six  hours.  At  the 
time  of  my  visit  they  were  sinking  a  new  winze  from  the  350  to  the 
425  level,  and  deepening  the  shaft,  so  that  the  output  of  ore  was 
reduced,  and  only  one  furnace  was  in  use.  The  following  is  a  brief 
description  of  the  furnace: 
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2\ipe :  Revolving  Hearth,  Geared  (o  15  Revolutions  per  Minute. 

Diamolor  of  lu'artli 12' 

Depth, %" 

Spring  (center  of  pail  ti)  s|)ring  of  arch),    .....     30''' 

Fiirnacewiill,  thickness, W^ 

Grate-bars 30'' 

Fire-box, 6' 

Grate-surface,  width,  . 2' 

Fire-bridge,  height, 2' 

Tliroat,  length 4' 

Tiiroat,  height, 16" 

One  woriiing-door  on  eacii  side,  opposite,  ....   8"X16" 
Reverberatory : 

Length, 14' 

AViiitii,  inside, 6' 

Spring 2' 

Two  woriiing-doors  on  each  side, 8"  X  16" 

Dust-chamber, 4'  X  3'  X  20' 

Spring H' 

This  furnace  roasts  one  ton  of  concentrates  in  twelve  hours,  re- 
moving the  sulphur  to  within  0.25  per  cent.  The  cost  is  about  as 
follows : 

Cost  of  Roading  One  Ton  Concentrates. 

Ilaif-cord  wood,  at  $1.40, $0  70 

12  hours  labor,  at  9  cents  per  hour, 1  08 

Motive  power, 25 

$2  03 

Another  estimate  makes  the  cost  -$2.18 ;  but  I  believe  that  it  can 
be  done  for  $2.03.  As  it  requires  seven  tons  of  ore  to  make  one  ton 
of  concentrates,  the  cost  per  ton  of  ore  will  be  29  cents.  About  one 
and  one-third  tons  raw  concentrates  yield  one  ton  roasted  ore,  and 
as  the  roasted  ore  assays  $28  per  ton,  the  raw  concentrates  will  not 
exceed  $20  per  ton.  The  raw  concentrates  from  some  of  the  Southern 
mines  much  exceed  this  in  value.  From  my  note-book  I  take  the 
following  statement :  "  Raw  ore,  172  tons,  yielded  raw  concentrates 
15  tons,  assaying  $51  per  ton."  This  statement  can  be  relied  upon 
as  correct,  and  it  shows  that  some  southern  sulphurets  are  better  than 
others,  even  from  the  same  mine.* 

It  is  well-known  that  there  is  a  wide  difference  in  the  value  of 
sulphurets.     Some  are  very  rich,  some  are  fairly  so  and  some  are 


*  I  am  informed  by  the  superintendent  of  this  mine  that  a  more  recent  assay, 
nother  lot  of  concentrates,  gave  $08,  with  but  little  silver. 
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very  poor.  Just  what  determines  this  variation  is  not  at  present 
known.  It  appears  to  be  connected  in  some  way  or  other  with  the 
size  of  the  pyrite  crystals,  since  when  these  are  hirger  and  more 
well-defined  the  yield  of  gold  is  less.  Moreover,  pyrite  of  a  pecu- 
liar greenish-white  color  seldom  runs  well. 

At  the  Phoenix  mines  the  concentrates  are  obtained  from  two 
Frue  vanners,  yielding  together  about  one  ton  in  twelve  hours. 
Blanket-concentration  of  the  tailings  was  tried,  but  gave  no  economic 
increase  of  concentrates.     The  stamps  crush  to  36-mesh  screens. 

Just  how  low  the  ratio  of  sulphurets  to  gangue  can  go  and  still 
leave  a  margin  of  profit  is  a  question  upon  which  I  do  not  now  care 
to  enter.  Within  a  short  time  I  hope  to  offer  some  figures  obtained 
in  actual  work.  Suffice  it  to  say  at  present  that  this  depends 
upon  three  things:  1st.  the  value  of  the  sulphurets;  2d.  the  system 
of  milling;  3d.  the  degree  of  concentration. 

The  chlorination  is  carried  on  within  lead-lined  iron  cylinders, 
60  X  42  in.,  revolving  on  the  major  axis  20  times  per  minute,  with 
heads  bolted  on,  and  with  a  discharge-valve,  10  in.  in  diameter,  situ- 
ated on  the  middle  cross-section.  Each  cylmder  is  also  provided  with 
a  small  valve,  near  the  head,  which  serves  to  determine  the  presence  of 
chlorine  in  excess  within  the  cylinder,  without  opening  the  discharge- 
valve.  At  first  the  cylinders  had  two-inch  cleats  on  the  inside,  but 
these  are  lacking  in  the  newer  machines.     The  trunnions  are  solid. 

The  charge  per  cylinder  is : 

Eoasted  ore, 1  ton. 

Water, 100-125  gals. 

Bleach, 40-50  lbs. 

Sulphuric  acid,  66°  B., 50-60  lbs. 

The  amount  of  bleach  and  acid  varies  with  the  character  of  the 
ore,  as  when  copper  is  present  much  more  must  be  used  than  if 
copper  were  absent.  At  the  Haile  mine*  15  lbs.  of  bleach  and  20  lbs. 
of  acid  have  been  found  sufficient.  The  Phoenix  ore  contains  copper 
up  to  2  per  cent.,  but  at  times,  even  there,  25  lbs.  bleach  and  35  lbs. 
acid  have  been  sufficient.  It  has  been  found  that  better  results  fol- 
low the  introduction  of  the  bleach  and  acid  in  at  least  two  separate 
portions,  maintaining  the  ratio  between  them. 

In  from  four  to  eight  hours  after  starting  the  cylinder,  the  reac- 
tion is  con)plete.  During  this  time  frequent  examinations  are  made 
by  the  small  valve,  to  see  if  the  chlorine  is  in  excess.     It  occasion- 

*  At  the  Haile  Mine  they  are  now  (October  14,  1888)  using  10  lbs.  of  bleach  and 
15  lbs.  acid. 
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ally  lia|>pons  that  iijion  releasing  this  valve  a  strong  flow  of  gas, 
other  than  chlorine,  esoajies  from  within  the  cylinder.  When  this  is 
the  case,  the  cylinder  is  stopped  and  fresh  bleach  and  acid  are  added. 
Pressnre  within  the  cylinder  docs  not  always  mean  chlorine  gas; 
and  if  one  merely  consnlfed  a  j)ressnre-gange  and  inferred  from  it 
that  he  had  excess  of  chlorine  in  tiie  cylinder,  grave  mistakes  migiit 
foHow.  It  is  absolntely  necessary  that  there  be  within  the  cylinder  a 
considci-able  excess  of  free  chlorine  for  at  least  one  honr  before  dis- 
charging. 

After  revolving  at  the  rate  of  twenty  revolntions  per  minute  for 
four  to  eight  hours,  depending  on  the  character  of  the  ore,  the 
cylinder  is  turned  down  and  discharged  upon  the  filter.  This  is  a 
lead-lined  wooden  box,  6  ft.  wide,  8  ft.  long,  and  l^  ft.  deep.  A 
false  bottom  is  laid,  j)rovided  with  numerous  small  outlets  for  the 
draining  away  of  the  liquor  into  the  stock-tanks.  This  bottom  was 
formerly  made  of  planks,  but  is  now  made  of  perforated  tiles. 
Upon  it  is  laid  a  layer  of  coarse  gravel,  ^  to  1  in.  in  size,  and  1  to 
2  in.  deep;  upon  that  a  layer  of  smaller  gravel;  and  so  on  up  to  a 
height  of  6  to  7  in.,  each  succeeding  layer  of  gravel  being  of  smaller 
material  than  the  one  underneath  it,  and  the  topmost  layer  being 
fine  sand.  Neither  at  the  Phoenix  nor  at  the  Haile  is  the  liquor 
from  the  cylinder  decanted  upon  the  filter.  This  has  not  been,  as 
might  be  inferred  from  Mr.  Spilsbury's  paper  {Trans.,  xvi.,  361), 
the  practice  at  either  place.  When  the  chlorination  is  finished,  the 
cylinder  is  at  once  turned  down,  and  its  entire  contents  are  dis- 
charged upon  the  filter.  The  cylinder  is  then  washed  on  to  the 
filter,  and  is  ready  for  another  charge. 

The  filtering  goes  on  rapidly,  from  two  to  three  hours  being  quite 
sufficient  to  filter  and  wash.  The  amount  of  wash-water  varies  from 
250  to  300  gals,  per  ton.  The  filtrate  should  be  quite  clear.  It  is 
run  into  stock-tanks,  either  with  or  without  lead-lining,  and  from 
these  into  smaller  precipitating-tanks,  where  the  gold  is  thrown  down 
by  fresh  copperas-solution.  It  requires  from  two  to  three  days  for 
the  reddish-brown  precipitate  of  metallic  gold  to  settle.  If  copj)er  be 
present  in  sullicient  quantities  for  extraction,  the  supernatant  liquor 
is  run  into  vats  on  scrap-iron,  and  its  copper  is  recovered  as  cement- 
copper.     Otherwise  it  is  allowed  to  flow  off. 

The  precipitated  gold  is  collected,  washed  on  a  paper  filter  with 
warm  water,  and  melted  down  for  bullion.  AV^ith  proj)er  care  it 
shouKl  be  .9J0  to  .OlKJ  fine;  but  if  care  be  not  bestowed  u[)on  it  by 
skimming  or  otherwise,  it  may  not  be  above  .965  to  .970. 

As  to  the  cost  of  chlorinating  one  ton  of  roasted  ore,  I  would  refer 
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to  a  paper  by  Mr.  Thies,  to  appear  in  the  forthcoming  volume  of  the 
California  State  Mining  Bureau.  Such  figures  as  I  have  obtained 
lead  nie  to  believe  that  it  ^ill  not  be  less  than  $1.50,  and  may  reacJ 
$2.  Taking  the  higher  figures,  we  have  for  tiie  total  cost  of  roasting 
and  chlorinating  one  ton  of  concentrates : 

Eoasting, $2  18 

Chlorinating,   ..........       2  66 

U  84 

This  I  believe  to  be  the  maximum  cost ;  and  it  is  only  fair  to  Mr. 
Thies  to  say  that  he  has  done  this  work  for  75  cents  to  $1  less. 
That  it  can  be  done  regularly  for  $3.15,  as  has  been  stated  (See  Mr. 
Spilbury's  paper,  previously  referred  to),  I  cannot  believe.  It  is  of 
course  possible  that  one  or  two  lots  can  be  worked  at  this  figure;  but 
wlien  we  take  into  consideration  the  unavoidable  interruptions  and 
delays,  it  is  not  probable  that  anything  like  as  low  a  cost  can  be 
attained. 

It  is  claimed  by  Mr.  Thies  that  a  sulphide-ore  assaying  §10  per 
ton  can  be  worked  at  a  profit  by  his  chlorination  process.  From 
what  I  have  seen  of  it,  I  think  the  claim  is  well-founded.  But  it 
must  be  clearly  understood  that  this  method  requires  the  most  careful 
management,  and  that  those  who  imagine  chlorination  to  be  the 
universal  panacea  for  such  ores,  to  be  applied  by  almost  any  one, 
will  surely  find  themselves  disappointed. 

Mr.  Thies's  success  at  the  Phoenix  mines  seems  to  me  to  be  due 
chiefly  to  two  things  :  first,  the  system  of  single-hand  drilling,  which 
he  inaugurated  there,  and  secondly,  high  concentration.  By  the 
first  he  has  worked  a  16-inch  vein,  and  by  the  second  he  has  reduced 
the  cost  of  roasting,  and  the  bulk  of  the  material  to  be  chlorinated, 
while  facilitating  the  operation,  and  enhancing  the  efficiency  of  the 
latter  process.  The  presence  of  barite  in  the  ore  renders  the  concen- 
tration somewhat  less  effective,  as  the  specific  gravity  of  pyrite  is 
4.83  to  5,  and  of  barite  4.3  to  4.72. 

In  concluding  these  brief  notes  on  a  process  which  has  proved 
itself  to  be  especially  applicable  to  our  auriferous  sulphides,  there 
are  four  practical  suggestions  that  present  themselves: 

1.  Whenever  possible  use  the  single-hand  system  of  drilling,  thus 
economizing  labor,  steel,  explosives  and  timber. 

2.  Be  sure  that  the  system  of  milling  and  concentrating  suits  the 
ore.  At  least  one  very  expensive  mistake  has  been  made  in  these 
parts  from  neglect  of  this  simple  axiom. 
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3.  Roast  "dearl,"  leaving  not  above  .25  per  cent,  sulphur  in 
the  concentrates. 

4.  ho  sure  that  excess  of  chlorine  is  present  in  the  chlorinator, 
niul  wash  the  filter  thorouuhly.  Otherwise  the  tailings  will  assay 
§4  to  $5  per  ton,  instead  of"  75  cents  to  $1. 
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BY  JULIUS  POHLMAN,  BUFFALO,  N.   Y. 

(Buffalo  Meeting,  October,  1888.) 

The  history  of  Niagara  Falls,  as  currently  told,  is  simple,  and 
by  that  very  simplicity  it  has  been  rendered  plausible.  As  the 
story  runs,  the  Falls  were  once  situated  at  Lewiston,  7  miles  to  the 
north  of  their  present  site;  and,  since  all  the  rocks  in  this  section 
are  alternate  hard  and  soft  strata,  the  waters  acting  readily  upon 
the  soft  shales  caused  their  removal,  and  the  overlying  hard  layers, 
deprived  of  support,  broke  down  under  the  weight  of  the  large 
volume  of  water  that  rushed  over  them ;  and  this  erosive  action 
lias  sent  the  edge  of  the  fall  more  and  more  southward,  until 
it  now  has  excavated  the  seven-mile  gorge  between  Lewiston  and 
the  village  of  Niagara  Falls.     (See  Fig.  1.) 

As  early  as  1790*  we  find  this  theory  advanced  in  a  description 
of  this  region;  and  it  has  been  jn'actically  endorsed  by  subsequent 
observers,  the  most  prominent  of  whom  was  Prof.  James  Hall,  the 
State  Geologist  of  New  York,  who  surveyed  the  Falls  in  1841,  and 
gave  the  most  exact  description  of  their  surroundings  in  the  ])ubli- 
cations  of  the  State  Survey .f  Not  until  1883  was  the  correctness 
of  the  accepted  theory  of  the  Falls  questioned. J 

The  geology  of  the  basins  of  the  Great  Lakes,  as  elucidated  by 
Newberry ,§  Speneer,||  and  others,  has  added  largely  to  a  clearer 
understanding  of  the  life-history  of  the  Falls.  The  investigators 
have  shown  us  that  Lake  Erie,  as  a  lake,  is,  geologically  speaking, 
quite  young;  that  its  valley  was  excavated  in  pre-glacial  times  by  a 
series  of  rivers;  and  that  the  Maumee,  Sandusky,  Cuyahoga,  Alle- 
ghany and  other  rivers  carried  the  drainage  of  the  surrounding 

*  Andrew  Elliott,  .1/a.ss.  Magazine,  July,  1790. 

t  James  Hail.  Natural  Ilistonj  of  N.  Y.,  Part  IV.,  p.  383. 

X  Julius  Pohlman,  Froc.  Am.  Ass'nfor  the  Adv.  of  Science,  1883,  p.  200. 

^  J.  S.  Newberry,  Geoloijy  of  Ohio,  vol.  ii.,  chap.  i. 

II  J.  W  Spencer,  Proc.  of  Am.  Phil.  Soc,  vol.  xix.,  p.  300. 
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lands  tlinnigh  Canada,  (Voiii  a  point  nearly  opposite  Dunkirk,  N.  Y., 
to  what  is  nciw  the  city  of  Hamilton,  Ontario,  throngh  what  has 
been  called  tiu>  Dundas  valley,  into  the  western  end  of  the  valley 
of  Lake  Ontario,  and  along  its  dei'pest  axis  through  the  Mohawk 
and  Hudson  river  valleys  into  the  Atlantic.     (See  Fig.  2.) 

Even  Hall  and  Lyell  have  assigned  to  the  largest  portion  of  the 
Niagara  river  a  j)re-glacial  age;  but,  as  geology  was  at  that  time 
(1841)  practically  in  its  infancy  on  the  American  Continent,  they 
were  unable  to  give  any  very  definite  boundaries  to  the  area  under 
discussion.  Recent  investigations  have  settled  this  point  very  clearly. 
The  section  of  land  which  concerns  us,  in  the  attempt  to  trace  the 
history  of  Niagara  Falls,  is  bounded  by  four  well-defined  pre-glacial 
vallevs — on   the   north    by  the   Lewiston   escarpment,  fi>rming  the 


PREGLACIAL  VALLEY  OF  LAKE   ERIE 

( — Picglatial  Rivers) 


southern  boundary  of  the  pre-glacial  valley  of  Lake  Ontario;  on 
tlie  cast  by  the  western  watershed  of  the  pre-glacial  Genesee  river* 
in  New  York,  and  on  the  west  by  the  eastern  watershed  of  the 
Dundas  valley.  The  question,  how  far  the  territory  under  discus- 
sion extended  to  the  south,  was  not  settled  in  the  publications  on  the 
geology  of  the  Great  Lakes,  because  the  Alleghany  river,  running 
past  Dunkirk  into  the  basin  of  Lake  Erie,  extended  the  valley  only 
to  within  40  miles  of  its  present  eastern  termination  ;  but  it  was 
solved  in  the  summer  of  1884,  when  the  Lehigh  \"alley  Railroad 
commenced  the  ex(!avation  of  a  series  of  canals  on  the  so-called  Tiflfl 
farm,  in  the  southern  part  of  the  city  of  Buffalo.  In  the  course  ot 
the  construction  of  these  artificial  water-ways  test-piles  were  driven 
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to  find  out  how  much  blasting  would  be  necessary  to  excavate  the 
canals  to  the  required  depth.  Since  Buffalo  creek  flows  just  to  the 
north  of  the  Tifft  farm  at  a  depth  of  6  to  10  feet  over  Corniferous 
limestone,  heavy  rock-blasting  seemed  necessary  ;  but  the  test-piles 
revealed  the  fact  that  there  exists,  just  to  the  south  of  this  limestone 
outcrop,  a  buried  river-gorge,  the  rock-bottom  of  which  was  86  feet 
below  the  surface  of  the  land,  or  83  feet  below  the  level  of  the 
water,  and  which  ran  in  a  westerly  direction  into  the  valley  of  the 
lake.  The  northern  edge  of  this  buried  river-channel  appears  in 
the  bed  of  Buffalo  creek,  while  its  southern  margin  is  found  on  the 
lake-shore  near  Bay  View,  giving  a  width  of  the  gorge  in  its  upper 
portion  of  about  3  miles.  The  depth  of  water  on  the  Corniferous 
limestone,  which  forms  the  outlet  of  Lake  Erie  into  the  Niagara 
river,  is  from  20  to  24  feet ;  hence  our  buried  river,  flowing  60  feet 
lower,  could  not  have  turned  north,  but  must  have  continued  in  a 
westerly  direction  to  meet  the  other  pre-glacial  rivers  opposite  Dun- 
kirk, making  the  eastern  end  of  the  present  I^ake  Erie  the  pre- 
glacial  valley  of  Buffalo  creek. 

The  lake  opposite  this  buried  river-channel  is  in  its  deepest  por- 
tion 42  feet  deep  ;  and  hence  we  must  conclude  that  the  southern 
and  middle  parts  of  the  eastern  end  of  Lake  Erie  are  sanded  up  to 
the  depth  of  70  to  40  feet,  a  fact  that  agrees  well  with  similar  dis- 
coveries made  by  Professor  Newberry  in  Ohio  with  relation  to  buried 
riv^er-channels.  The  outcrop  of  Corniferous  limestone  at  the  entrance 
of  Niagara  river  and  along  the  northern  margin  of  Lake  Erie  gives  us 
the  southern  boundary  of  the  section  in  which  we  have  to  look  for 
the  origin  of  the  falls  of  Niagara;  it  also  represents  the  northern 
watershed  of  the  pre-glacial  Buffalo  creek,  the  lowest  point  of  which 
was  evidently  in  the  western  part  of  the  city  of  Buffalo  and  in  the 
present  Niagara  river. 

From  a  geological  standpoint  the  area  under  discussion  is  ex- 
tremely simple.  Coming  from  the  north  we  find  Niagara  limestone 
from  the  edge  of  the  Lewiston  escarpment  to  about  a  mile  south  of 
the  falls;  from  there  to  Black  Bock  the  soft  shah^  and  gypsum 
beds  of  the  Onondaga  salt  group  ;  and  Corniferous  limestone  over 
the  rest  of  the  area.     (See  Fig.  3.) 

The  latter  is  an  almost  indestructible  stone,  and  has  at  present  an 
average  altitude  in  this  section  of  50  to  60  feet  above  the  level  of 
the  lake,  whereas  the  highest  ridge  of  the  Niagara  limestone  is  about 
50  feet  lower.  This  being  the  case  to-day,  it  seems  probable  that 
the  relative  altitude  of  the  crests  of  these  two  limestone  ridges  did 
not  vary  very  materially  in  pre-glacial  times. 
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Atmospheric  agencies,  acting  upon  the  soft  porous  rocks  of  the 
Onondaga  salt  group,  necessarily  eroded  this  middle  deposit  rap- 
idly without  making  any  marked  impression  upon  its  limestone 
boundaries;  and  soon  a  line  of  drainage  would  be  established  north- 
erly across  the  lowest  point  of  the  Niagara  limestone  into  the  On- 
tario valley.  This  erosion  produced  a  shallow  depression  (see  Fig. 
4)  in  an  east  and  west  direction,  which  is  now  occupied  east  of  the 
Niagara  river  by  Tonawanda  creek,  and  west  by  Chippewa  creek. 
It  extended,  perhaps,  65  miles  in  an  east  and  west,  and  15  miles  in 
a  north  and  south,  direction,  and  deepened  as  the  waters  cut  their 
outlet  into  the  Niagara  limestone.  The  erosion  of  this  basin  pro- 
duced the  more  or  less  steep  face  of  the  second  limestone  terrace  of 
Western  New  York,  as  the  erosion  of  the  Ontario  valley  had  formed 
the  first  terrace,  Lewiston  ridge. 

There  is  but  one  pre-glacial  break  through  the  northern  margin  of 
the  Niagara  limestone  in  this  section,  and  th-atis  at  the  site  of  the  Falls. 
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Here  the  drainage  of  the  pre-glacial  Tonawanda  basin  cut  into  the 
upper  thin  layers  of  the  limestone  on  its  way  to  the  valley  of  On- 
tario, falling  over  the  edge  of  the  Lewiston  ridge  as  one  fall,  with  a 
height  of  probably  200  feet. 

The  action  of  streams  falling  over  the  ridge  can  be  studied  to-day 
in  Western  New  York,  in  the  Genesee  river  and  Oak  Orchard  creek, 
and  in  Canada  in  the  Fourteen-mile  creek,  flowing  past  St.  Cath- 
arine's. In  the  latter  especially  we  find  the  action  of  the  pre-gla- 
cial Tonawanda  well  illustrated.  A  small  stream  that  has  collected 
the  drainage  from  a  section  of  land  of  the  Onondaga  salt  group  has 
tumbled  over  the  edge  of  tlie  Lewiston  ridge,  and  from  there  has 
been  cutting  its  wav  southward,  forming,  bv  the  removal  of  the 
soft  shale  rock  between  the  denser  layers  of  limestone,  three  falls 
over  these  compact  strata  ;  the  upper  and  highest  over  the  Niagara 
limestone;  the  middle  over  the  Clinton  group  ;  and  the  lowest  over 
thequartzose  band  of  the  Medina  sandstone.  Rapids,  which  exer- 
cise their  erosive  power  upon  the  shales  of  the  different  groups, 
carry  the  waters  from  one  fall  to  the  other. 
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Restoring  the  outlet  of  the  pre-glacial 
Tonawanda  according  to  tliese  models  we 
find  it  running  from  the  falls  almost  due 
north  along  the  present  gorge  as  far  as  the 
Whirl|)ool,  and  continuing  in  the  same 
direction  into  the  Ontario  valley  by  the  way 
of  the  buried  channel  of  St.  David's.  At 
the  northern  margin  of  the  Whirlj)ool  this 
buried  channel  is  excavated  to  below  the 
water's  edge,  i.e.,  below  the  quartzose  band 
of  the  Medina  group,  which  forms  the  inlet 
of  the  river  into  the  pool  in  the  so-called 
Whirlpool  Riipids,  and  the  outlet  of  the 
river  as  it  turns,  almost  at  right  angles, 
from  the  Whirlpool  to  Lewiston.  Hence 
we  must  here  locate  the  lowest  fall  of  our 
pre-glacial  creek  where  it  last  tumbled  over 
the  quartzose  band  and  excavated  the  un- 
derlying Medina  shales,  after  having  eroded 
its  gorge  from  the  escarpment  to  this  point, 
(See  Fig.  5.) 

All  indications  as  to  the  exact  location  of 
the  middle  and  upper  falls  have  disap- 
peared. We  can  merely  judge  by  analogy 
from  what  is  seen  in  similar  streams  under 
similar  conditions;  and  in  this  way  we 
place  the  upper  fall  about  Ih  mile  south  of 
the  lowest  fall,  which  brings  it  about  | 
mile  north  of  the  new  suspension  bridge, 
or  about  1|  mile  north  of  the  Horseshoe 
fall  of  to-day.  The  middle  fall  would  then 
be  somewhere  a  little  southerly  of  the  rail- 
way suspension  bridge. 

Restored  in  this  manner,  our  ancient 
Tonawanda  does  not  differ  in  its  lower 
course  from  streams  found  under  similar 
conditions  at  the  present  time.  In  its  upper 
course,  i.e.,  while  occupying  the  depression 
in  the  shales  of  the  Onontiaga  salt  group, 
it  ran  into  what  is  to-day  the  eastern  branch 
of  the  Niagara,  somewhere  near  or  at  the 
present  mouth  of  Tonawanda  creek  (see 
Figs.  1  and  2) ;  then  turned  south  until  it 
met  the    Cornilerous   limestone   terrace  at 
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Black  Rock.  Turning  north  again  it  formed  what  is  now  Grand 
Island  as  a  [)enlnsula  on  the  American  side  ;  here  it  received  the 
drainage  of  the  western  section  of  this  area  from  Chippewa  creek 
before  cutting  through  the  northern  margin  of  the  Niagara  limestone 
barrier.  The  map  of  the  U.  S.  Lake  Survey  gives  ample  evidence 
of  this  course  in  the  soundings  found  in  the  river. 

Cutting  its  way  into  the  upper  thin-bedded  strata  of  the  Niagara 
h'mestone  (in  some  places  deeper  than  in  others)  before  contracting 
into  one  stream  on  its  passage  north  it  left  the  marks  of  this  erosion 
in  the  rapids  above  the  falls,  and  in  the  number  of  larger  and  smaller 
islands  known  to-day  as  Goat,  Luna,  Bath,  Chapin,  Sisters,  etc. 

This  is  what  we  may  call  the  pre-glacial  history  of  the  Niagara. 
The  drainage  of  the  shallow  Tonawanda  valley  cuts  its  way  in  a 
northerly  direction  through  the  Niagara  limestone  ridge  at  the  present 
falls,  and  outlines  and  in  part  excavates  the  gorge  of  to-day  from 
the  f;dls  to  the  whirlpool,  while  its  continuation  through  the  St. 
David's  valley  is  now  burled  under  a  deposit  of  glacial  <lrlft. 

During  the  Glacial  epoch,  the  ice-sheet  advanced  in  this  vicinity 
from  N.N.E.  to  S.S.W.  This  of  course,  as  soon  as  the  Ontario 
valley  was  filled  with  the  glacier,  closed  the  northern  outlets  of  all 
the  streams  running  in  that  direction,  and  the  Tonawanda,  after  fill- 
ing its  valley  to  overflowing,  had  to  find  another  outlet  for  its  waters. 
Naturally  it  turned  across  the  Corniferous  limestone  terrace  near 
Buffalo  into  the  pre-glacial  valley  of  Buffalo  creek,  barely  two 
miles  away,  but  at  least  120  feet  lower.  This  overflow  resulted 
beyond  question  in  a  partial,  if  not  total,  destruction  of  the  terrace, 
thereby  opening  what  is  now  the  outlet  of  Lake  Erie  into  Niagara 
river,  and  determining  the  ultimate  flow  of  the  waters  of  the  Great 
Lakes  in  the  direction  of  Niagara  Falls,  by  connecting  the  pre- 
glacial  valley  of  the  Tonawanda  with  that  of  Buffalo  creek. 

When  the  Arctic  climate  again  disappeared,  the  glaciers  in  their 
melting  not  only  filled  all  the  valleys  to  overflowing  with  water, 
but  deposited  also  a  more  or  less  heavy  layer  of  clays,  sands  and 
gravels  over  the  lands  they  so  recently  occupied  ;  filling  some  of  the 
valleys,  such  as  the  Dundas,  St.  David's  and  Buffalo  creek,  completely, 
and  others  partially,  such  as  the  Tonawanda;  while  the  valley  of 
Lake  Erie  received  a  deposit  of  from  60  to  100  feet  in  thickness. 

It  is  not  within  the  scope  of  this  paper  to  follow  the  different 
drainage-lines  of  this  vast  inland  ocean  resulting  from  the  melting 
of  the  ice,  or  its  slow  or  rapid  subsidence  with  intermediate  resting- 
places  where  the  waters  remained  stationary  long  enough  to  foriu 
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beaches  along  the  slion^-lines.  It  is  sufficient  for  our  jiurjiose  to 
know  that  at  least  Lake  Erie  and  Lake  Ontario  subsided  together, 
and  we  take  our  subject  up  again  when  both  lakes  stood  at  a  level 
about  30  feet  higher  than  the  present  Lake  Erie;  forming  two  large 
bodies  of  water  connected  l)v  a  wide  shallow  river  flowing  between 
Buft'alo  and  Ijcwiston  ridge,  which  latter  existed  as  a  nind-flat  at  the 
water's  edge,  with  a  clay-deposit  on  it  to  the  depth  of  about  30  feet. 

Here  we  meet  one  of  the  fundamental  questions  concerning  the 
Falls  :  Have  thev  ever  been  at  Lewiston  and  have  they  receded  south- 
ward to  their  present  site  from  that  poi.nt  ?  This  tlieory  we  can  safely 
reject.  The  Falls,  as  we  see  them  to-day,  or  in  anything  resembling 
their  present  form,  can  never  have  been  at  Lewiston.  In  order  to 
have  'A  fall,  we  must  primarily  have  a  ditference  in  level  sufficient 
to  form  it,  and  this  condition  never  existed  at  Lewiston.  If  we  can 
imagine  that  I^ake  Ontario  subsided  independently,  then  we  have  a 
right  to  ask  what  became  of  the  20,000,000  cubic  feet  of  water  which 
flowed  into  the  completely  filled  lake-basin  every  minute?  Lake 
Ontario  subsided  with  many  resting-places,  as  testified  by  the  beaches 
now  apparent ;  and,  with  the  line  of  drainage  once  established  in  a 
northerly  direction  between  Buffalo  and  Lewiston,  no  power  on  earth 
could  hold  back  this  immense  volume  of  water  and  prevent  it  from 
cutting  its  way  down  into  the  clay-deposit  that  covered  Lewiston 
ridge,  as  soon  as  the  waters  of  Lake  Ontario  had  subsided  ever  so 
little  below  the  edge  of  the  escarpment. 

We  must  assume  that  the  erosion  of  the  clav-deposit  occurred  just 
at  Lewiston  because  that  happened  to  be  the  lowest  point  in  the 
escarpment ;  a  small  streamlet  running  across  the  limestone  had  per- 
haps pre-determined  this  place,  somewhat  in  the  same  manner  as  the 
little  stream  called  Bloody  Run,  on  the  American  side,  near  the 
Whirlpool,  has  produced  a  large  chasm,  the  "Devil's  Hole."  What- 
ever the  original  cause  may  have  been,  the  limestone  between  the 
Whirlpool  and  Lewiston  was  eroded  in  the  form  of  a  shallow  valley 
previous  to  the  ice-period,  thus  determining  not  only  the  point  of 
overflow  and  the  direction  of  the  gorge  between  I^ewiston  and  the 
AVhirlpool,  but  aiding  greatly  in  its  erosion  by  reducing  the  thick- 
ness of  the  upper  hard  layer  of  Niagara  limestone. 

As  the  gorge  of  St.  David's  was  filled  with  glacial  drift  and  cov- 
ered with  a  <le|)osit  of  clay  higher  than  that  found  at  Lewiston,  the 
waters  followed  the  lowest  level  at  the  latter  point;  and  after  the 
current  had  commenced  to  remove  the  clay  on  the  top  of  the  ridge, 
the  excavation  of  a  new  gorge  down  into  the  solid  rock  was  a  neces- 


THE   LIFE-HISTORY    OF    NIAGARA.  331 

sary  consequence,  even  if  an  already  excavated  channel  existed  but 
a  few  miles  away. 

At  the  time  when  the  waters  of  Lake  Ontario  subsided  below  the 
edge  of  Lewiston  ridge,  the  present  outlet  of  Lake  Erie  into  the 
Niagara  at  Buffalo  was  already  well-defined  in  the  break  of  the  lime- 
stone terrace,  and  the  river  was  but  little  broader  than  it  is  to-day. 
From  here  the  waters  formed  a  lake-like  expansion  covering  the 
lowest  portions  of  the  Tonawanda  and  Chippewa  valley,  with  what 
is  now  Grand  Island  as  a  mud-flat  near  the  water's  level.  Near  the 
present  site  of  the  Falls,  the  river  contracted  again  between  well  de- 
fined clav  banks,  submerging  the  rapids,  all  the  islands  and  a  part  of 
the  site  of  the  present  village  of  Niagara  Falls.  To  about  half-way 
down  to  the  Whirlpool,  the  river  was  barely  twice  its  present  width  ; 
but  below  that  it  expanded  again  considerably,  contracting  as  its 
outlet  at  Lewiston  deepened  by  the  removal  of  the  clay-deposit. 
Well-defined  terraces  on  both  sides  of  the  river,  between  the  Falls 
and  Lewiston,  testify  to  this  part  of  Niagara's  history,  and  teach  us 
that  the  waters  subsided  irregularly. 

As  soon  as  the  river  had  removed  the  clay-deposit  from  the  top 
of  Lewiston  ridge,  it  commenced  the  work  of  destruction  upon  the 
already  partially  eroded  Niagara  limestone  along  the  already-men- 
tioned shallow  valley  between  Lewiston  and  the  Whirlpool.  It  is 
possible  that  a  small  full  over  the  twenty  feet  of  limestone  existed 
here  for  a  limited  length  of  time ;  but  as  soon  as  Lake  Ontario  had 
subsided  sufficiently  to  expose  the  underlying  Niagara  shale,  the 
edge  of  the  limestone  would  recede-  very  rapidly.  With  a  con- 
tinued subsidence  of  the  lake,  a  second  fall  over  the  Clinton  lime- 
stone would  come  into  existence  at  Lewiston,  and  finally  a  third  one 
over  the  quartzose  band  of  the  Medina  group  ;  but  owing  to  the  vast 
quantity  of  water  pouring  over  these  falls,  and  the  very  marked 
preponderance  of  the  soft  shales  over  the  hard  limestones  and  sand- 
stone, the  erosion  of  the  gorge  between  Lewiston  and  the  Whirl- 
pool must  have  been  very  rapid.  It  seems  probable  that  the  gorge 
was  eroded  as  rapidly  as  the  waters  of  Lake  Ontario  subsided,  and 
that  in  its  whole  length  of  three  miles  there  never  existed  at  one 
time  more  than  one  small  fall,  while  the  rest  presented  the  appear- 
ance of  the  river  as  we  see  it  to-day — a  long  series  of  rapids. 

After  the  comparatively  thin  layer  of  Niagara  limestone  had  been 
removed  along  the  section  between  Lewiston  and  the  Whirlpool, 
another  phenomenon  appeared.  In  its  southwesterly  direction,  the 
newly-eroded  gorge  met   the  ancient  bed  of  the   Tonawanda  at  the 
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Whirlpool,  strikinji;  it  almost  at  rit^ht-angles.  Thus,  while  the 
Niagara  river  is  of  pre-glacial  origin  from  Buffalo  to  the  Whirlpool, 
the  section  from  the  latter  jioint  to  Lewiston  is  post-glacial,  and  its 
pre-ghu'ial  eoiitiiuiation  between  the  Wiiirlpool  and  Lake  Ontario, 
through  the  valley  of  St.  David's,  is  closed  with  glacial  drift. 

Long  before  the  excavation  of  the  lower  gorge  was  comj)leted,  the 
river  in  its  middle  course,  between  the  Falls  and  the  Whirlpool,  had 
settled  down  into  this  pre-glacial  gorge  of  the  Tonawanda,  allowing 
the  waters  of  the  lakes  to  tumble  over  the  Niagara  limestone,  where 
the  old  creek  had  had  its  upper  fall,  about  1 J  mile  south  of  its  lowest 
fall  near  the  Whirlpool  rapids,  or  nearly  If  mile  northerly  from 
the  present  Horseshoe  Fall,  or  where  to-day  the  clay  banks  on  both 
sides  of  the  gorge  show  us  that  the  river  was  confined  within  limits 
narrow  enough  to  permit  the  formation  of  a  fall.  Here  the  present 
Niagara  river  formed  its  upper  fall  with  a  height  that  increased  as 
rapidly  as  Lake  Ontario  subsided  and  the  lower  gorge  was  excavated, 
until  at  the  completion  of  the  latter  the  lowest  fall  of  the  ancient 
Tonawanda  over  the  quartzose  band  of  the  Medina  grouj)  was  left 
in  its  old  place  as  the  Whirlpool  raj)ids,  because  its  upper  edge  is 
below  the  level  of  the  present  river  (see  Fig.  5);  whereas  the  small 
middle  fall  over  the  Clinton  group,  travelling  southward  at  a  very 
rapid  rate,  soon  combined  with  the  upper  fall,  and  formed  one  grand 
cataract,  the  first  full-born  fall  of  Niagara,  with  a  height  of  prob- 
ably nearly  200  feet,  at  a  point  perhaps  half  a  mile  to  the  north  of 
the  new  suspension  bridge,  loilliout  ever  having  been  at  Lewiston  at 
all.  This  cataract,  having  a 'width  of  about  1400  feet,  naturally 
assumed  a  horseshoe  form,  because  some  parts  of  the  u|)per  layer  of 
Niagara  limestone  had  been  eroded  more  than  others;  and  here  the 
recession  would  take  place  fastest  because  it  held  the  largest  volume 
of  water,  and  while  the  underlying  shale  was  more  rapidly  washed 
away,  the  overlying  thinner  limestone  beds  would  break  down 
more  quickly.  Of  course  the  deepest  notch  of  the  horseshoe  may 
have  done  then  as  it  is  doing  in  the  Horseshoe  fall  to-day,  namely, 
travel  in  an  irregular  manner  from  side  to  side.  At  all  events,  in 
a  horseshoe  form  the  one  fall  of  Niagara  travelled  southward  until 
it  met  the  northern  apex  of  Goat  Island,  where  the  waters  were  di- 
vided into  an  American  and  a  Canadian  fall. 

Goat  Island  must  have  extended  originally  j>erhaps  half  a  mile 
further  north ;  and  though  its  northern  face  is  now  1  400  feet  wide, 
it  must  have  tapered  to  a  point  in  pre-glacial  times,  and  this  north- 
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ern  extremity  was  in  all  probability  located  nearly  opposite  Prospect 
Point,  the  northern  point  of  the  present  American  fall. 

Owing  to  the  fact  that  the  line  of  the  deepest  pre-glacial  erosion 
ran  along  the  western  shore  of  Goat  Island,  and  the  shallowest  (with 
a  large  number  of  islands)  was  found  on  the  American  side,  the 
largest  volume  of  water  found  its  way  over  the  Canadian  fall  and 
caused  a  more  rapid  rate  of  recession  on  that  side  than  could  take 
place  on  the  American  side.  As  a  consequence,  the  whole  line  of 
the  falls,  with  the  islands,  swept  in  a  serai-circle  to  the  south  and  east 
with  the  northern  (or,  at  the  beginning,  the  eastern)  point  of  the 
American  fall  as  the  center,  which  remained  comparatively  sta- 
tionary, owing  to  the  thicker  limestone  on  its  top  and  the  limited 
quantity  of  water  pouring  over  its  edge.  The  original  northern 
apex  of  Goat  Island  disintegrated  rapidlv;  the  western  end  of  its 
northern  exposure  receded  with  the  rapid  recession  of  the  Horseshoe 
fall,  while  its  northeastern  part  followed  more  slowly,  with  the 
southern  end  of  the  American  Fall, 

The  rate  of  recession  of  the  Falls  and  the  determination  of  their  age 
have  always  been  interesting  speculations.  Various  estimates  have 
been  given  at  different  times  by  different  observers.  They  vary  as  to 
the  rate  of  recession  from  one  foot  per  year  to  practically  nothing ;  and 
the  age  that  can  be  assigned  to  the  Falls  and  gorge  varies  proportion- 
ately. All  tiiese  computations  started  with  the  theory  that  the  Falls 
commenced  their  southward  movement  from  Lewiston  and  excavated 
the  whole  seven  miles  of  gorge.  Lyell  in  1841  considered  a  reces- 
sion of  one  foot  per  year  a  fair  estimate,  and  35,000  years  as  the 
probable  age.  Those  wdio  considered  this  rate  of  recession  as  too 
high  only  needed  to  multiply  the  given  age  in  proportion  to  obtain 
even  several  hundred  thousand  years.  The  fact  is,  that  all  such 
calculations  were  mere  assumptions.  Nothing  definite  was  known 
until  Prof  Hall  made  the  first  trigonometrical  survey  of  this  region 
in  1842.  The  United  States  Lake  Survey  went  over  the  same 
ground  again  in  1875;  and  during  the  meeting  of  the  American 
Association  for  the  Advancement  of  Science  in  Buffalo  in  1886, 
Prof.  R.  S.  Woodward,  of  Washington,  D.C.,  again  surveyed  the 
edge  of  the  Horseshoe  fall  for  the  benefit  of  the  Geological  Section's 
discussion  of  the  Niagara  problem.  A  comparison  of  these  three 
surveys  brings  out  some  surprising  facts.  The  falls  recede  faster 
than  anybody  ever  anticipated.  In  the  forty-four  years  that  passed 
between  the  first  and  the  third  survey,  the  most  southerly  or  south- 
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easterly  j)oiiit  on  the  edge  of  the  Horseshoe  fall  has  receded  382  feet, 
or  a  fraction  less  than  nine  feet  per  year.     (See  Fig.  6.*) 


As  the.  sides  of  the  Fall  do  not  recede  so  rapidly,  Prof.  Wood- 
ward computed  the  total  area  worn  away  as  follows : 

*  The  original  of  this  tracing  was  kindly  placed  at  my  disposal  by  Hon.  Thos.  V. 
Welch,  the  Superintendent  of  the  Reservation. 
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Between  1842  and  1875,  185,000  square  feet  or  4.25  acres. 
Between  1842  and  1886,  245,000  square  feet  or  5.62  acres. 
Between  1875  and  1886,  60,000  square  feet  or  1.37  acres. 

Distributing;  this  over  the  full  length  of  the  contour  of  the  Horse- 
shoe fall,  2300  feet,  we  obtain  the  minimum  value  of  the  yearly  rate 
of  recession  as  follows  : 

Between  1842  and  1875  a  rate  of  2.44  feet  per  year. 
Between  1842  and  1886  a  rate  of  2.42  feet  per  year. 
Between  1875  and  1886  a  rate  of  2.38  feet  per  year. 

Upon  a  minimum  average  of  2.4  feet  per  year,  the  whole  face  of  the 
fall  will  travel  southward  at  the  rate  of  one  mile  in  2200  years. 
This  rate,  however,  must  vary  with  the  increasing  thickness  of  the 
Niagara  limestone,  and  must  have  been  more  rapid  further  north, 
decreasing  as  the  Falls  receded  southerly.  This  is  corroborated  by 
the  figures  of  the  survey,  viz.,  2.44  and  2.38  feet  per  year.  Future 
surveys  will  be  looked  for  with  interest  by  all  who  have  studied  the 
problem  of  Niagara;  and  if  the  Commissioners  of  the  Reservation 
are  unable  to  obtain  an  appropriation  for  such  a  purpose,  perhaps 
the  American  Association  for  the  Advancement  of  Science,  when  it 
meets  again  in  Buffalo  in  1896,  will  institute  a  new  survey  of  the 
Falls  for  the  purpose  of  verifying  the  figures  obtained  in  former 
years. 

Aside  from  its  geological  interest,  the  knowledge  of  the  exact  rate 
of  this  recession  has  an  important  bearing  upon  the  question  of  the 
age  of  man  on  the  North  American  Continent.  Whenever  reference 
has  been  made  to  the  discoveries  of  implements  of  human  manufac- 
ture in  Glacial  gravels,  the  age  of  these  deposits  in  years  was  com- 
puted by  what  was  considered  the  most  exact  chronometer  of  post- 
glacial times,  namely,  the  gorge  of  the  Niagara.  With  this  as  a 
starting-point,  ascribing  to  it  an  age  of  from  35,000  to  several  hun- 
dred thousand  years,  the  age  of  man  on  this  continent  was  left  some- 
what uncertain  ;  and  if  any  geological  or  other  phenomena  suggested 
a  smaller  number  of  years  for  post-g;lacial  time,  the  gorge  of  Niagara 
always  presented  undisputable  evidence  of  long,  long  ages.  Now  at 
last  archaeologists  and  geologists  can  shake  hands  across  the  gorge 
and  rejoice  that  the  great  point  of  contention  has  been  settled  to  the 
satisfaction  of  both. 

With  the  computation,  extending  over  a  term  of  forty-four  years, 
that  the  minimum  average  rate  of  recession  of  the  whole  contour  of 
the  Falls  is  2.4  feet  per  year,  and  the  knowledge  that  the  Niagara 
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limestone  decreases  in  thitikness  as  we  go  north,  it  seems  but  fair  to 
assume  that  2000  years  would  be  a  fair,  certainly  not  too  low,  figure 
in  time  necessary  for  the  Falls  to  have  receded  one  mile.  Begin- 
ning the  existence  of  the  cataract  at  a  point  about  1 J  miles  northerly 
from  the  present  site,  the  age  to  be  assigned  to  the  cataract  dwindles 
down  to  the  quite  respectable,  but  geologically  speaking  small, 
minilx'r  of  perhaps  3000  years. 

A  knowledge  of  this  rapid  rate  of  recession  brings,  of  course, 
before  the  eyes  of  every  good  Buffalonian  the  important  question  : 
"How  long  before  the  Falls  will  be  at  Buffalo?"  Already  the 
veteran  State  geologist  of  New  York,  Professor  Hall,  reviews  this 
question,  in  his  report  on  Niagara  Falls,  in  1842,  as  follows:  "If 
present  causes  continue  to  operate  as  now,  .  .  .  the  consummation 
of  the  grand  cataract  of  Niagara  ....  will  be  either  a  continuous 
rapid  stream  from  Lake  Erie  to  Lewiston,  or  a  rapid  stream  with  a 
low  fall  at  the  outlet  of  Lak  Erie." 

After  the  Falls  of  to-day  have  receded  one  mile,  there  will  be  again 
only  one  Aill  ;  the  American  fall  will  have  disappeared  entirely,  and 
the  islands  on  the  eastern  side  will  be  represented  as  a  series  of  low 
hilltops  on  a  peninsula  projecting  from  the  American  shore.  The 
edge  of  the  fall  will  then  be  nearly  half  a  mile  to  the  east  of  the 
eastern  ])oint  of  the  present  Goat  Island,  with  its  deepest  indentation 
on  the  line  of  deepest  water,  well  over  towards  the  Canadian  shore. 
Owing  to  the  increasing  thickness  of  the  Niagara  limestone,  the  edge' 
of  the  fall  would  then  be  about  50  or  60  feet  higher  than  at  present, 
whereas  the  grade  of  the  river  below  (15  feet  to  the  mile,  down  to 
Lewiston)  would  bring  the  waters  15  feet  higher  up  to  the  base, 
making  the  height  of  the  cataract,  after  it  had  receded  one  mile, 
nearly  200  feet,  with  about  45  feet  of  Niagara  shale  at  its  base,  over- 
lai<l  with  150  to  160  feet  of  limestone.  All  the  rocks  in  this  section 
dip  about  20  feet  to  the  mile,  from  the  north  to  the  south,  and  the 
upper  line  of  the  shale,  which  is  80  feet  above  the  water  at  present, 
would  be  20  feet  lower  after  one  mile  of  recession. — But,  in  this 
mile,  the  fall  will  have  ceased  already  to  travel  due  south,  and  taken 
a  more  southeasterly  direction;  in  the  next  mile  this  direction  will 
be  more  easterly  still,  with  a  strong  inclination  toward  the  line  of 
deepest  water  near  the  Canadian  shore.  In  this  direction  the  height 
of  its  uj)per  crest  will  change  but  little,  as  it  merely  crawls  along  the 
line  of  the  limestone  outcrop,  and  not  across  its  dip  as  heretofore. 
The  actual  height  of  the  cataract,  however,  will  be  diminished  by 
the  rise  of  15  feet  in  the  river  below,  making  it  in  all   j)robably 
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185  to  180  feet,  with  an  exposure  of  shale  at  its  base  of  perliaps  30 
feet. 

To  understand  better  what  will  happen  after  the  Fall  has  receded 
four  miles  in  all,  i.e.,  when  it  has  reached  the  northern  point  of  Grand 
Island,  we  must  go  back  to  the  time  when  the  waters  of  Erie  and 
Ontario  stood  at  the  level  of  Lewiston  Heights,  and  that  which  is 
now  Grand  Island,  or,  better,  the  peninsula  formed  by  the  bend  of 
the  ancient  Tonawanda  creek  (Fig.  3),  was  a  mud  flat,  partially  un- 
der water,  partially  at  the  water's  edge.  As  the  waters  subsided, 
and  the  land  rose,  its  southern  point  divided  the  current  of  the 
waters  of  the  lakes  as  they  rushed  past  the  site  of  Buffalo.  The 
western  branch  of  the  river  had  a  free  flow  down  towarcj^  Lake 
Ontario;  but  the  waters  which  were  diverted  into  the  eastern  branch 
found  a  bed  excavated  only  as  far  as  the  mouth  of  Tonawanda 
creek,  and  had  to  cut  an  outlet  across  the  clay-deposit  of  the  pen- 
insula in  a  westerly  direction  in  order  to  meet  again  the  western 
branch  of  the  river,  forming  in  this  way  what  is  now  called  Grand 
Island.  With  the  subsidence  of  the  lake,  this  cut  was  deepened  ; 
but  it  is  still  from  10  to  16  feet  shallower  than  the  other  parts  of 
the  river  on  both  sides  of  Grand  Island. 

After  the  present  Falls  shall  have  receded  about  one  mile  from 
their  present  site,  we  shall  have  only  one  cataract ;  a  further  re- 
cession of  somewhat  more  than  3  miles  will  again  bring  a  division 
into  American  and  Canadian  Falls,  separated  by  Grand  Island,  and 
as  to-day,  the  largest  volume  of  water  will  follow  the  line  of  deepest 
excavation,  along  the  Canadian  shore.  Before  this  time,  the  soft 
shale  rock  at  the  base  of  the  ftiU  will  be  entirely  covered  by  the 
water  of  the  river  below  ;  only  solid  walls  of  limestone  will  be 
presented  to  the  eroding  action  of  the  waters,  and  the  rate  of  changes 
will  be  reduced  to  a  minimum. 

As  to-day,  the  Canadian  Falls  will  cut  its  way  backward  in  a 
southerly  direction  across  the  dip  of  the  limestone  exposure,  while 
the  American  Falls  of  that  date  will  resemble  the  present  one  by 
receding  east  nioyu/  the  outcrops,  and  for  the  same  reason  the  latter 
will  be  higher  than  the  former. 

All  the  rocks  in  this  vicinity  dip,  as  I  have  said,  about  20  feet  to 
the  mile,  from  norlh  to  south  ;  and  if,  as  at  present,  the  river  needs 
a  fall  of  15  feet  to  the  mile  to  keep  its  bed  clear,  the  height  of  the 
falls  will  diminish  about  35  feet  for  every  mile  which  they  travel 
south,  and  long  before  they  have  receded  12  miles,  to  the  south- 
ern end  of  Grand  Island,  they  must  disappear  entirely  as  falls, 
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untl  tlio  river  will  present  ou]y  a  ]nu(r  series  of  rapids  cutting  into 
tiie  solid  Nia(2;ara  limestone,  because  the  soft  shale  of  the  overlying 
Onondaga  salt  group  will  offer  no  resistance  to  the  eroding  action 
of  the  river.  The  second  American  Fall,  receding  around  the 
northern  and  eastern  side  of  Grand  Island,  will  move  more  slowly 
than  the  Canadian  Fall,  hut  will  ultimately  be  reduced  to  the  same 
condition,  firming,  between  Lake  Erie  and  Lake  Ontario,  one  con- 
tinuous river  with  swift-flowing  current,  and  perhaps  a  few  short 
rapids;  one  over  the  outcro])s  of  the  Corniferous,  now  at  the  inlet 
of  the  river,  another  over  the  Niagara  limestone,  and  one  where  to- 
day are  the  Whirlpool  rapids. 

This,  of  course,  presupposes  that  everything  will  go  on  in  the  fu- 
ture as  it  has  done  in  the  past.  But  who  knows  what  the  ingenuity 
of  men  will  devise  in  centuries  to  come  to  counteract  the  natural 
consequences  of  running  and  falling  waters?  Who  can  tell  what 
mechanical  appliances  will  be  invented  to  retain  the  Falls  in  their 
present  place  or  to  divert  the  waters  of  river  and  lake  to  some  use- 
ful purpose  in  a  manner  not  thought  of  to-day  ?  Who  can  tell  but 
that  long  before  the  noble  cataract  has  had  time  to  disappear,  the 
chain  of  the  Great  Lakes  may  have  suffered  the  fate  of  similar  large 
bodies  of  water  in  our  western  territories,  which  now  only  give  us 
their  beach-lines  as  indications  of  their  former  existence? 
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BY  A.    E.    HUNT  AND  G.   H.    CLAPP,  PITTSBURGH,   PA. 

(Buffalo  Meeting,  October,  1888.) 

This  paper  constitutes  in  substance  a  part  of  a  more  elaborate 
chapter,  accompanied  with  extended  tables  of  analyses,  prepared  for 
the  book  of  Mr.  Fred.  H.  Whipple  on  "  Water-Supply."  In  ad- 
vance of  that  use  of  the  material,  however,  it  seemed  appropriate  to 
lay  a  portion  of  it  before  the  Institute;  and  this  opinion  of  the 
authors,  the  Council,  by  accepting  the  paper,  has  ratified. 

It  may  seem  at  first  glance,  nevertheless,  that  a  paper  dealing 
chiefly  with  this  subject  in  its  sanitary  aspects,  and  only  treating  in 
a  subordinate  way  of  the  one  subject  (boiler-scale)  usually  deemed 
to  concern  our  professions,  is  somewhat  out  of  place  in  our  Trans- 
actions. But  reflection  will,  Ave  trust,  correct  this  impression.  In 
recent  periods,  and  in  continually  increasing  degree,  the  managers 
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of  mining  and  metallurgical  operations,  especially  the  latter,  have 
found  themselves  charged  with  the  care  of  large  numbers  of  men  ; 
and  the  sanitary  conditions  of  such  establishments  have  become  an 
important  factor  in  their  technical  and  commercial  success.  A  gen- 
eral survey  of  the  organic  as  well  as  the  inorganic  impurities  of 
water  may  be  suggestive  and  useful  to  such  ;  and  since  the  chemists 
at  metallurgical  works  might  easily,  with  slight  guidance,  and  with- 
out extra  expense  to  their  employers,  ascertain  the  sanitary  condi- 
tions presented  by  the  water-supply,  this  subject  may  well  be  laid 
before  them.  At  the  same  time,  it  is  not  proposed  that  our  Trans- 
actions shall  be  crowded,  to  the  exclusion  of  more  directly  profes- 
sional material,  with  details  of  sanitary  science.  These  must,  of 
course,  be  sought  in  special  treatises,  or  at  the  hands  of  expert 
specialists. 

To  prove  the  importance  of  this  subject,  we  need  only  point  to 
the  startling  proofs,  collected  since  the  announcement  of  the  germ- 
theory  of  disease,  that  a  contaminated  water-supply  is  the  active 
agent  in  spreading  numerous  epidemics,  for  which  such  a  cause  was 
formerly  unsuspected. 

There  is,  perhaps,  no  question  which  more  severely  taxes  the  re- 
sources of  science  than  the  determination  of  the  fitness  or  unfitness 
of  a  water-supply.  Not  only  must  waters  of  bad  taste  or  smell  and 
carrying  considerable  amounts  of  foreign  matter  be  rejected,  but 
many  waters  not  only  agreeable  to  the  taste,  but  colorless,  odorless, 
and  containing  very  little  suspended  matter,  are  often  the  abundant 
sources  of  disease. 

It  has  long  been  known  that  dissolved  oxygen  plays  an  important 
part  in  the  purification  of  water;  that  the  amount  of  oxygen  con- 
tained in  water  carrying  putrefiable  organic  matter  is  very  low  ;  and 
that  where  oxygen  is  deficient,  and  organic  contamination  consider- 
able, fish  and  higher  grades  of  animal  life  desert  the  water,  while 
microscopic  examination  shows  an  abundance  of  the  lower  forms  of 
vegetable  and  animal  life,  such  as  algce  and  infusoria.  It  has  been 
further  observed  that  common  fish,  such  as  sunfish  and  suckers,  will 
live  nearer  the  source  of  contamination  than  the  higher-mettled 
salmon  and  bass.  Practical  data  thus  given  by  nature  should  go 
hand  in  hand  with  the  chemical  analysis  of  a  water-supply;  for  the 
evidence  of  nature  is  based  upon  larger  samples,  and  hence  better 
averages,  than  the  chemist  can  command  for  analysis. 

Color. — By  reason  of  vegetable  and  peaty  matter,  many  samples, 
especially  of  surface-waters,  have  a  decided  color;  a  yellowish-brown 
of  various  shades  and  degrees  of  intensity  being  the  prevailing  hue. 
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Professor  T.  M.  Prown  has  adopted  a  very  satisfactory  series  of 
standards  for  comparison  of  these  shades,  by  solntions  containing 
the  Xesslor  reagent  with  certain  Unown  anionnts  of  ammonia,  so 
that  the  degree  of  coU)r  can  be  e.\i)ressed  in  terms  of  given  amonnts 
of  Nessleriz(Ml  ammonia. 

These  colored  waters  are  not  necessarily  nnwiiolesomc.  On  the 
contrary,  while  they  are  not  as  attractive  for  drinking,  and  nearly 
always  show  more  or  less  albnminoid  ammonia,  they  often  contain 
very  little  free  ammonia,  and  are  sometimes  quite  wholesome  and 
pure. 

Suspended  Matter. — In  the  analysis  of  drinking-water,  the  char- 
acter of  the  snspended  matter,  and  its  capacity  to  settle,  or,  on  the 
other  hand,  to  remain  in  fine  suspension,  and  be  served  to  the  con- 
sumer throuo:h  the  service-mains,  should  be  the  criterion  as  to  the 
advisability  of  filtering  before  analysis.  In  general,  the  chemist 
should  seek  to  include  in  his  analysis  whatever  the  consumer  includes 
in  the  water  he  drinks. 

Odor. — The  odor  a  water  gives  should  be  noted.  ISIany  waters 
Iiave  decided  odors,  some  already  formed  from  the  gases  dissolved 
in  the  water,  and  constantly  given  off  from  it,  or  easily  liberated  by 
shaking  the  water,  and  sometimes  liable  to  be  generated  by  chemical 
or  other  changes  in  the  dissolved  or  suspended  matter.  The  odors  of 
waters  may  best  be  tested  in  a  confined  space,  as  by  shaking  a  wide- 
mouthed  gallon-bottle,  half  filled  whh  the  %vater,  and  immediately 
smelling  the  air  in  the  bottle,  which  will  be  impregnated  wuth  the 
gases  from  the  water. 

Some  waters  give  a  different  odor  when  cold  than  when  hot;  and 
the  odor  of  some  is  due  entirely  to  the  suspended  matter,  and  can  be 
entirely  removed  by  filtration,  while  in  others  filtration  does  not 
affect  the  odor. 

Prof.  Drown,  in  his  paper  on  "The  Odor  and  Color  of  Surfsice- 
Waters,"  read  before  the  New  England  Water- Works  Association, 
in  1887,  suggests  a  series  of  terras  for  describing  the  various  odors 
of  waters,  which  we  believe  to  be  good,  and  have  adopted  in  our  own 
practice.     He  says  of  them  : 

"  '  Eartli y '  is  the  odor  of  freshly-turned  soil  or  of  a  moist  hot-liouse;  it  often 
passes  into  'musty.'  'Straw-like'  is  the  odor  of  moist  straw;  I  think  no  one  could 
mistake  it,  or  fail  to  recognize  it ;  it  is  one  of  the  most  frequent  odors  met  with  in 
surface-waters.  'Mouldy'  is  the  odor  of  moist  straw  which  has  begun  to  decom- 
j)0se  ;  there  is  nothing  disagreeable  suggested  by  it ;  it  is  also  somewhat  allied  to  the 
earthy  or  loamy  odor.  'Musiiness'  is  advanced  mouldiness  and  verges  on  the  dis- 
agreeai)le.  It  is  the  odor  of  damp,  closed  vaults.  'Wooden'  is  the  odor  of  tubs 
with  hot  water;  it  suggests  wash-day.     'Disagreeable'  is  a  more  difficult  term  to 
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explain,  first,  because  it  is  not  easy  to  get  agreement  among  different  observers  on 
this  point,  and  secondly,  because  under  it  we  include  two  classes  of  odors,  namely 
those  of  growth  and  those  of  decay.  Some  aquatic  plants  and  low  animal  organ- 
isms give  off  malodorous  gases  as  the  product  of  their  normal  growth,  and  all 
organisms  are  more  or  less  mal-odorous  in  the  process  of  decay.  Kow,  it  sometimes 
happens  that  these  two  odors  cannot  be  sharply  distinguished  from  one  another; 
they  are  both  unpleasant  odors  So  in  the  absence  of  finer  discrimination  of  odors, 
or  the  positive  identification  of  the  noxious  plants  or  animals,  there  seems  to  be  no 
other  way  than  to  include  them  under  the  head  of  'disagreeable.'  It  is  of  interest 
to  note  in  tiiis  connection,  that  river  waters  rarely  give,  either  cold  or  hot,  these 
'disagreeable'  odors.  They  are  generally  confined  to  the  waters  of  lakes,  ponds,  and 
reservoirs,  which  have  abundant  vegetation  and  but  little  motion.  River  waters, 
even  those  of  consid'erable  organic  impurity,  give  'straw-like'  and  'moiddy'  odors, 
but  the  unpleasant,  fishy,  oily  and  rotting  odors  are,  as  far  as  my  experience  goes, 
generally  absent.  'Offensive'  is  a  term  sufBciently  characteristic,  it  is  more  than 
disagreeable  and  may  be  reserved  for  waters  undergoing  putrefactive  change,  or  for 
those  which  contain  considerable  sewage.  Of  the  odors  of  the  waters  at  ordinary 
temfierature,  the  most  frequently  recurring  are  'straw-like'  and  'mouldy'  and 
'disagreeable.'  "When  heated,  the  '  wooden,'  'earthy'  and  'musty'  odors  are  apt 
to  be  developed." 

''To  express  degrees  of  intensity  of  odor  I  am  in  the  habit  of  using  the  qualify- 
ing terms, — '  very  faint,'  '  faint,'  'distinct,'  'decided  '  and  '  strong.'  A  good  deal  of 
personal  equation  comes  in  here.  What  is  'faint'  to  one  is  'distinct'  to  another 
and  '  very  faint'  to  a  third.  Still  there  seems  to  be  need  for  some  degrees  of  com- 
parison of  intensity  of  odors,  and,  at  all  events,  the  use  of  any  set  of  terms  by  the 
same  observer  will  give  comparable  results." 

"  The  origin  of  the  odors  of  surface-waters,  when  uncontaminated  with  sewage 
or  other  drainage,  is  clearly  referable  to  the  vegetable  and  peaty  matters  of  the  soil 
over  and  through  which  it  flows,  and  to  the  vegetable  or  other  growths  in  the  water 
itself." 

Water- Analyses. — Sanitary  analyses  are  made  (1)  to  discover,  with 
regard  to  a  given  water,  whether  it  contains  any  organic  or  in- 
organic poisons,  or  such  an  amount  of  earthy  constituents  as  will 
make  it  deleterious  for  drinking  and  cooking  ;  or  (2)  to  determine 
its  value  as  a  mineral  (medicinal)  water. 

Commercial  analyses  are  made  to  determine  concernino;  a  friven 
water,  (1)  its  applicability  for  making  steam  ;  (2)  its  hardne-ss,  or  the 
facility  with  which  it  will  "form  a  lather"  necessary  for  washing; 
or  (3)  its  adaptation  to  other  manufacturing  purposes  than  those 
mentioned  above. 

The  common  impurities  of  water  are  held  in  suspension  (organic 
matter,  both  living  and  dead,  and  silica,  clay,  or  other  materials  with 
which  the  water  may  have  been  in  contact);  or  in  solution  (mineral 
salts  and  acids,  and  the  products  of  the  decomposition  of  organic 
matter  from  sewage  or  other  contamination). 

The  results  of  water-analyses  are  reported  in  grains  per  Imperial, 
or  United  States  wine,  gallon,  or  in  parts  per  thousand,  hundred- 
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tliousand,  or  million.  Tlic  Inijx'riMl  o;:ill()n  is  reckoned  as  277  cubic 
inches,  or  ten  ponntls,  or  70,000  grains,  niul  the  United  States,  or 
wine,  gallon,  as  2U  cubic  inches,  or  58,372  grains,  of  pure  water, 
at  4  degrees  C 

Until  quite  recently,  the  standard  method  of  reporting  adopted  by 
English  and  American  chemists  has  been  in  grains  per  Imperial 
gallon ;  but  at  a  late  meeting  of  the  Chemical  Section  of  the  Amer- 
ican Association  for  the  Advancement  of  Science,  held  in  Buffalo,  it 
was  decided  to  report  all  water-analyses  in  parts  per  thousand, 
hundred-thousand  and  million,  and  circulars  were  sent  to  the  different 
chemists  throughout  the  country,  asking  their  co-operation  in  estab- 
lishing this  uniform  practice. 

To  chemists  who  have  been  using  the  old  method,  the  transition 
will  be  simple,  as  the  Imperial  gallon  of  water  weighs  70,000  grains; 
and  by  taking  70  cubic  centimeters  (70,000  milligrammes)  of  water 
for  analysis,  we  have  a  miniature  gallon,  in  which  the  milligramme 
corresponds  to  the  grain. 

Uniformity  in  reporting  results  of  chemical  analyses  is  of  great 
advantage  for  comparison.  It  seems  to  some  desirable  to  have  a 
well-known  volume  in  mind  when  looking  over  analyses.  But 
"grains  per  gallon"  does  not  ordinarily  mean  grains  per  U.  S. 
standard,  or  wine,  gallon,  but  grains  per  Imperial  gallon  (not  a  well- 
known  volume  to  us),  and  moreover,  parts  per  100,000  can  easily  be 
converted  into  grains  per  gallon,  if  desired,  by  dividing  the  results 
by  10  and  multiplying  by  7.  The  practical  usefulness  in  this  in- 
stance, however,  of  the  conception  of  the  gallon  as  a  unit-volume,  is 
doubtful.  The  largest  proportion  of  impurities  found  in  any  water 
used  for  potable  or  manufacturing  purposes  (except  for  making 
steam)  is  so  small  that  the  measure  of  volume  is  only  comparative. 
For  instance,  70  parts  per  100,000,  the  greatest  amount  of  impuri- 
ties that  could  ordinarily  be  allowed  in  potable  water,  only  means 
7-100  of  one  per  cent. ;  so  that  in  practice  the  figures  come  to  have 
significance,  not  in  their  relations  to  the  unit-volume,  but  only  by 
comparison  with  one  another,  or  with  certain  standards. 

Different  methods  of  analysis  give  different  results.  This  is  espe- 
cially true  in  the  determination  of  the  ammonias  contained  in  water, 
where  the  varying  amounts  of  water  taken  for  distillation,  and  the 
varying  proportions  distilled  over,  yield  widely  different  results;  so 
that  the  results  from  each  method  of  treatment  and  analysis  pursued 
must  be  int('r|)reted  before  comparison  can  be  made  with  the  results 
from  other  methods. 

Sampliiif/. — A  sample  of  water  taken  for  analysis  should  be  at 


THE   IMPURITIES   OF    WATER.  343 

least  one-half"  gallon,  if  practicable.  It  should  be  kept  in  a  cool 
and  dark  place  until  examined,  and  where  possible,  the  analysis 
should  be  commenced  within  a  few  days.  (In  case  of  necessity,  if 
extreme  care  be  taken,  as  small  a  quantity  as  50  cubic  centimeters, 
or  two  fluid-ounces,  may  suffice  for  analysis.)  It  should  be  collected 
in  di  perfectly  clean  glass-stoppered  bottle,*  which  should  be  rinsed 
out  with  the  water  before  finally  taking  the  sample.  To  insure  a 
fair  average  for  such  a  test,  if  the  water  be  taken  from  a  pump  or 
faucet,  it  should  be  allowed  to  run  some  little  time  before  collecting 
the  sample.  Samples  should  not  be  taken  too  near  the  shore  of  a 
pond  or  stream  of  water,  if  the  average  of  the  whole  is  desired. 

In  collecting,  the  mouth  of  the  bottle  should  be  opened  some 
little  depth  under  the  surface  of  the  water,  to  avoid  the  entrance  of 
any  surface-scum.  A  note  should  also  be  made,  whether  there  has 
been  previous  long  drought  or  heavy  rain,  and  what  is  the  condition 
of  the  water-level,  togetiier  with  a  statement  as  to  the  neighborhood 
of  any  probable  source  of  contamination. 

Sanitary  Analyses. — The  difference  in  the  specific  gravity  of 
waters,  due  to  their  relative  degrees  of  purity,  is  very  slight;  so 
slight  that,  between  pure  distilled  water  and  water  that  is  very  bad 
and  has  over  200  parts  per  100,000  of  total  solid  residue,  the  dif- 
ference is  in  the  fourth  decimal  place,  and  very  close  to  the  ftictor  of 
error  or  variance  in  making  specific-gravity  tests.  Hence  no  reliable 
tests  can  ordinarily  be  made  in  this  way  as  to  the  comparative  purity 
of  samples  of  water. 

The  impurities  in  suspension  vary  from  practically  nothing  in 
pure  spring- and  deep  lake- waters,  to  perhaps  500  parts  per  100,000 
in  the  water  of  many  rivers,  after  heavy  freshets. 

In  solution,  some  pure  artesian  well-waters,  some  spring-water, 
rain-water,  etc.,  have  as  little  as  5  parts  per  100,000,  while  the 
analyses  of  sea- water,  some  lake  and  river  waters,  and  of  some  deep 
wells,  range  far  above  this  proportion.  Sea-water  contains  about 
4100  parts. 

For  sanitary  purposes,  it  is  necessary  to  analyze  water  for  the 
presence  of  metallic,  and,  occasionally,  of  vegetable,  poisons,  min- 
eral acids,  or  septic  poisons  from  contaminations  of  sewage.  Such 
septic  poisons  cannot  be  separated,  and  their  weight  directly  deter- 
mined by  anal3isis ;  for  they  never  have  a  definite  and  exact  chemi- 
cal composition,  like  metallic  poisons. 

*  Altliongh  it  is  preferable  to  have  a  glass-stopper  to  the  bottle,  still  a  clean  and 
new  cork  will  answer,  but  a  cork  contaminated  with  any  other  substance  or  luted 
with  any  sort  of  paste,  might  seriously  injure  the  water  for  analysis. 
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The  presence  of  septic  poisons  in  water  is  shown  by  an  excess  of 
nitroijenons  nialter,  indicated  l)y  the  anionnt  of  chlorine  and  of  free 
and  alhnniinoid  ammonia  in  the  solution  ;  the  chlorine  larjijely  com- 
inix  from  the  chlorides  of  sodium  and  potassium,  which,  with  urea, 
are  amonti;  the  principal  inixrcdicnts  of  ordinary  nrine. 

Ammonia  is  evolved  as  the  result  of  the  decomposition  of  nitro- 
genous or<i;anic  matter.  Its  presence  in  water  in  the  small  amounts 
reported  in  the  analyses,  even  of  the  foulest  waters,  is  harmless;  it 
is  only  as  indicative  of  decomposing  organic  matter  that  it  shows 
the  poisonous  nature  of  the  water  in  which  it  is  found  in  considera- 
ble proj>ortions. 

Albuminoid  ammonia  is  the  term  given  to  nitrogenous  organic 
matter  of  such  a  character  that  it  is  converted  into  ammonia  by  let- 
ting the  water-solution  of  it  stand. 

In  large  cities  it  is  estimated  that  30  gallons  of  water  per  capita 
of  population,  on  the  average,  flows  through  the  service-mains  daily. 
A  very  large  portion  of  this  reaches  the  sewers  and  constitutes  the 
bulk  of  the  sewage.  As  a  simple  calculation,  based  u|)on  the  nature 
and  amount  of  the  contaminating  material,  will  show,  the  average 
sewage  contains  in  100,000  parts,  about  10  parts  of  free  ammonia, 
and  fro!n  0.01  to  0.C6  parts  of  albuminoid  ammonia.  When  the 
free  ammonia  exceeds  0.02  parts  per  100,000  in  water  taken  from  a 
thickly  populated  district,  it  is  a  probable  sign  that  the  water  consists 
of  dilute  sewage.  In  such  cases,  the  water  will  also  usually  contain 
over  0.6  parts  of  chlorine  for  river-water  (or  other  water  exposed  to 
sunlight  and  atmospheric  influence),  and  over  0.8  parts  of  chlo- 
rine for  deep  well-  or  spring- waters.  The  presence  of  albuminoid  am- 
monia (over  0.018  parts  per  100,000)  with  but  little  free  ammonia 
and  chlorine,  is  generally  an  indication  of  vegetable  contamination, 
injurious  to  health.  A  sample  of  water  containing  per  100,000  more 
than  0.7  parts  of  chlorine,  together  with  more  than  0.015  parts  of  free 
and  all)umin()id  ammonia,  or  both,  can  be  declared  with  a  consider- 
able degree  of  certainty  to  contain  decomposing  nitrogenous  organic 
matter  which,  either  in  itself  or  in  the  accompanying  germs,  contains 
septic  poisons  and  will  be  dangerous  to  drink,  although  the  char- 
acter of  the  organic  contamination  is  so  varied  tiiat  no  exact  danger- 
limit  can,  with  our  present  knowledge  of  these  impurities,  be  posi- 
tively fixed.  Not  that  the  presence  of  chlorine,  wlfich  is  so  often 
present  in  combination  with  sodium,  as  common  salt,  is  dangerous 
in  itself,  or  that  minute  amounts  of  free  and  albuminoid  ammonia 
poison  the  water;  but  that  they  are  indications  of  the  presence  of 
septic  poisons,  which  cannot  be  separated  by  themselves. 
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"  Nesslerizing "  is  a  method  discovered  by  the  chemist  Nessler, 
for  determining  the  strength  of  dilute  solutions  of  ammonia  liy  com- 
paring the  yellowisii-brown  color  given  to  the  ammonia-solution  by 
the  Nessler  reagent, — an  alkaline  solution  of  iodide  of  potassium 
saturated  with  period ide  of  mercury, — the  color  being  more  or 
less  intense,  according  to  the  proportion  of  ammonia  present  in  the 
solution  tested.  In  testing  samples  of  water,  they  are  first  distilled, 
and  the  ammonia  which  is  carried  over  in  the  distillate  is  then  deter- 
mined by  Nesslerizing.  The  ammonia  found  in  the  first  distillate, 
before  the  addition  of  any  reagents,  is  the  free  ammonia;  the  albu- 
minoid is  distilled  over  after  the  addition  of  caustic  potash  and  per- 
manganate of  potash  to  oxidize  the  nitrogenous  matter  that  is 
capable  of  producing  ammonia  on  standing.  It  is  called  "albu- 
minoid" ammonia,  because  albumen  in  water-solution,  when  treat(d 
as  described  above,  yields  ammonia. 

The  free  ammonia  represents  the  amount  of  change  or  complete 
decomposition  of  nitrogenous  matter  which  has  already  taken  plac? 
in  the  water;  the  albuminoid  ammonia,  the  amount  of  change  of 
which  the  water  is  still  capable  by  reason  of  the  presence  of  nitrog- 
enous matter. 

Complete  oxidation  of  animal  or  other  nitrogenous  matter  will 
result  in  the  formation  of  nitric  and  carbonic  acids,  which,  in  the 
presence  of  alkalies  or  alkaline  earths,  will  form  nitrates  and  carbo- 
nates, comparatively  harmless  in  themselves. 

In  some  waters,  where  the  oxidation  of  the  impurities  has  been 
considerable,  the  presence  of  nitrates,  in  the  proportion  of  over  0.40 
parts  per  hundred  thousand  in  pond-  or  river-waters  and  of  over 
3.00  j)arts  for  well-waters,  is  almost  the  only  indication  shown  by  the 
chemical  analysis  of  the  known  contamination  of  the  water  with 
decomposing  nitrogenous  matter. 

Water  that  has  percolated  through  a  loamy  soil  rich  in  decom- 
posing organic  matter  will  be  found  generally  to  be  high  in  con- 
tained nitrates. 

The  presence  of  nitrites  and  of  ammonia  shows  intermediate  states 
of  decomposition  of  the  organic  matter,  due,  very  likely,  to  the  mi- 
crobes and.  living  germs  of  disease,  which  are  nearly  always  present 
with  decomposing  organic  matter.  Nitrous  acid,  which  combines 
with  alkalies  and  alkaline  earths  to  produce  nitrites,  is  an  interme- 
diate state  between  ammonia  and  nitric  acid  salts  or  nitrates. 

The  metallic  poisons  apt  to  be  found  in  potable  waters  are  lead,  zinc, 
iron,  and  copper.  Chromium  and  arsenic  are  rarely  found,  and  their 
presence  in  water,  in  any  quantity,  should  be  considered  dangerous. 
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Authorities  differ  as  to  tlic  amounts  of  metal  whioli  would  be 
considered  injurious.  Wanklyn  states  that  "  a  «i;ood  driid<inj2;-water 
should  not  contain  more  than  one-tenth  or  two-tenths  grains  of  iron 
per  gallon,  or  more  tiian  one-tenth  of  lead  or  copper."  It  is  a  ques- 
tion whether  so  small  a  quantity  of  iron  should  condemn  a  water. 
INIany  iron-springs,  considered  healthful,  contain  a  much  larger 
amount.  Undoubtedly,  the  form  in  wiiich  the  iron-salt  exists  would 
largely  influence  its  action. 

Well-authenticated  cases  of  lead-poisoning  have  been  occasioned 
by  the  cumulative  action  of  lead  which  had  been  taken  into  the 
system  in  water  containing  0.2  parts  of  lead  per  100,000. 

A  very  simple  test  for  metals  can  be  made  by  taking  a  miniature 
gallon  of  the  water  (70  cubic  centimeters)  in  a  clean  porcelain  dish, 
adding  three  drops  of  sulphide  of  ammonium,  which  should  give  but 
a  very  slight  coloration  to  the  fluid,  and  which  should  be  instantly 
cleared  uj)  and  become  invisible  by  the  addition  of  a  few  drops  of 
hydrochloric  acid.  Good  water  will  answer  to  this  test,  and  water  that 
does  not  should  be  examined  carefully  and  quantitatively  for  the 
presence  of  metallic  impurities,  before  being  accej)ted  as  potable. 

Microscopic  Examination  of  Water. — There  are  many  living  or- 
ganisms, both  animal  and  vegetable,  which  infest  some  waters,  and 
which  have  to  be  examined  microscopically.  The  microbes,  ferments, 
and  germs  existing  in  some  waters  are  the  causes  of  many  di.seases 
flesh  is  heir  to.  Every  year  scientific  research,  especially  with  the  aid 
of  the  microscope,  is  bringing  to  light  new  facts  as  to  the  presence 
and  influence  on  human  life  and  health  of  these  minute  organisms. 

The  microscopic  examination  of  water  is  not  so  much  to  deter- 
mine the  larger  forms  of  animal  and  vegetable  life,  as  it  is  to  separate 
and  identify  the  sejitic  or  pathogenic  microbes  that  are  due  to  sewage- 
contamination,  or  are  taken  up  from  the  air  and  soil  in  fever-  and 
cholera-infected  districts.  Decomposing  nitrogenous  organic  matter 
we  cannot  say  positively  is  poisonous,  but  we  know  by  the  aid  of  the 
microscope  that  associated  with  it  are  many  microbes,  some  of  which 
may  be  germs  of  specific  diseases. 

These  microbes  are  the  different  forms  of  BaeiUus,  an  the  B.  tuber- 
culosis, which  is  the  organism  causing  tubercular  consumption  ;  the 
"  Comma  Bacillus"  of  Koch,  which  is  now  generally  conceded  to  be 
the  cause  of  Asiatic  cholera,  and  others  which  have  not  been  so  posi- 
tively identified,  such  as  the  Bacilli  of  ty|>hoid  and  relapsing  fevers, 
and  that  of  yellow  fever,  which  Dr.  Freire,  of  Brazil,  claims  to 
have  identified  and  cultivated.  These  organisms  are  only  found 
in  waters  ])olluted  with  surface  drainage  and  sewage  contaminated 
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by  the  dejecta  of  fever  patients,  the  sputum  of  persons  suffering 
from  tubercular  consumption,  or  similar  matter  expelled  from  the 
bodies  of  jtatients  in  some  of  the  many  diseases  caused  by  the  pres- 
ence of  pathogenic  microbes.  These  dangers  are  now  so  universally 
recognized,  that  State  Boards  of  Health  are  publishing  very  stringent 
rules  for  the  destruction  of  such  poisonous  matter,  and,  indeed,  of 
anything  with  which  it  may  have  come  in  contact. 

The  investigation  and  the  determination  of  the  different  forms  of 
microbes  require  the  highest  skill  of  the  trained  microscopist ;  and 
any  statements  made  by  investigators  without  such  training  and  skill 
are  very  likely  to  be  erroneous.  These  organisms  are  among  the 
smallest  and  least  differentiated  with  which  the  microscopist  has  to 
deal.  They  are  distinguished  by  different  methods  of  cultivation, 
and  by  the  way  in  which  the  different  groups  take  certain  well-known 
and  distinctive  stains  ;  the  water-soluble  aniline  dyes  being  those 
generally  used  for  this  purpose. 

Micro-organisms  are  classified  as  aerobic  and  anaerobic  (or  those 
which  require  oxygen  for  their  development  and  those  which  do  not), 
septic  and  non-septic,  pathogenic  and  non-pathogenic;  the  septic 
being  those  which  cause  putrefaction  in  dead  bodies,  while  the  patho- 
genic are  those  which  cause  disease. 

These  minute  organisms  may  be  separated  from  water  by  adding 
about  one  cubic  centimeter  of  a  one  and  one-half  per  cent,  solution 
of  osmic  acid  to  30  or  40  cubic  centimeters  of  water.  All  organisms 
are  bv  this  reagent  precipitated  as  a  thick,  dark-colored  deposit, 
from  which  the  water  is  decanted  off,  leaving  the  deposit  to  be  ex- 
amined afterwards  under  the  microscope.  In  this  deposit  will  be 
found  a  large  numberof  septic  and  non-septic  organisms  which  occur 
in  all  surface  waters;  and  without  careful  training  in  a  biological 
laboratory,  it  will  be  impossible  to  distinguish  the  various  forms. 

Cultivation-ex|)eriments  are  carried  on,  either  by  plate-  or  "  flask-" 
culture,  in  the  different  organic  or  inorganic  media  which  have  been 
proved  suitable  for  the  purpose.  A  list  of  such  media  can  be  found 
in  any  of  the  standard  works  on  microscopy;  most  fully,  perhaps,  in 
Klein's  "Micro-Organisms  and  Disease,"  fourth  edition.  The 
methods  of  sterilizing  all  the  apparatus  and  media,  and  of  preserving 
them  from  contamination  by  the  air,  or  from  any  other  cause,  are 
there  explained. 

After  inoculating  the  culture-medium,  the  growth  of  the  colonies 
is  carefully  watched  for  several  days  ;  and  if  the  colonies  appear  to 
bp  pure — that  is,  composed  of  only  one   microbe — fresh    tubes   or 
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]>I:itos  aro  iiKK-nlatcd,  and  this  is  repeated  several  times,  until  there 
is  no  dduht  of  the  |nirity  of  the  (Miltnre. 

The  microbes  must  then  be  studied  by  their  reaction  with  certain 
stains,  and  by  their  effect  upon  living  animals.  The  number  of  or- 
ganisms in  water  is  estimated  by  inoculating  a  certain  amount  of 
sterilized  gelatine  on  a  plate  with  a  measured  amount  of  water  and 
counting  the  number  of  colonies  which  are  developed. 

The  Total  Solid  Residue. — The  total  solid  residue  in  water  varies 
from  5  jiarts  per  100,000  in  some  deep,  pure  s|)ring- waters  to  4100 
parts  in  ocean-water.  The  character  of  this  residue,  as  well  as  its 
amount,  should  be  known,  to  establish  the  value  of  water  for  drink- 
ing. In  most  cases,  where  the  total  solid  residue  left  uj^on  evapora- 
tion does  not  exceed  40  parts  per  100,000,  it  is  not  found  upon 
examination  to  injure  the  water  for  such  puri)oses.  A  larger  amount 
than  40  parts  per  100,000  should  occasion  a  further  investigation  of 
the  water.  Of  course,  if  the  total  solid  residue  consists  of  very 
poisonous  matter,  a  smaller  amount  will  cause  injury. 

The  solid  residue  may  consist  of  lime,  soda,  magnesia,  potash, 
fine  argillaceous  matter  held  in  suspension,  or  organic  matter, 
and  of  finely  divided  silica.  The  chloride,  bicarbonate,  and  sul- 
phate are  the  salts  of  lime  most  commonly  looked  for  in  waters 
to  be  tested  as  to  fitness  for  drinking  and  cooking.  The  presence 
of  more  than  15  parts  per  100,000  of  these  lime  salts  should 
condemn  a  water  for  such  purposes,  under  ordinary  circumstances. 
However,  in  a  good  many  of  the  Western  states,  the  people  are 
obliged  to  use  water  containing  a  larger  amount  of  lime  than  this. 
A  large  amount  of  lime  in  drinking-water  is  liable  to  j)rodace 
fjoitre,  calculus,  urinary  and  dyspeptic  diseases.  On  the  other  hand, 
the  j>resence  of  lime  salts  in  sufficient  quantity  to  render  the  water 
perceptibly  hard,  yet  less  than  35  parts  per  100,000,  has  not  proved 
unwholesome.  In  fact,  many  cities  having  hard  drinking-water  have 
a  very  favorable  mortality  as  compared  with  similar  cities  having  soft 
drinking-water, carrying  less  than  15  parts  per  100,000of  lime  salts. 

The  following  definition  of  liquids  which  should  be  deemed  jiol- 
luting  and  inadmissible  into  a  stream,  was  formulated  by  the  Rivers 
Pollution  Commission  of  Great  Britain  (1886). 

(a.)  Any  liquid  which  has  not  been  subjected  to  perfect  quiet  in 
subsidence-ponds  of  sufficient  size  for  a  period  of  at  least  six  hours, 
or  which,  having  been  so  subjected  to  subsidence,  contains  in  sus- 
pension more  than  one  part  by  weight  of  dry  organic  matter  in 
100,000  j)arts  by  weight  of  the  liquid,  or  which,  not  having  been  so 
subjected  to  subsidence,  contains  in  suspension  more  than  three  parts 


THE   IMPURITIES   OF    WaTER.  349 

by  weight  of  dry  mineral  matter,  or  one  part  by  weight  of  dry  or- 
ganic matter  in  100,000  parts  by  weight  of  the  liquid. 

(b.)  Any  liquid  containing,  in  solution,  more  than  two  parts  by 
weight  of  organic  carbon  or  0.3  part  by  weight  of  organic  nitroo-eu 
in  100,000  parts  by  weight. 

(c.)  Any  liquid  which  siiall  exhil)it  by  daylight  a  distinct  color 
when  a  stratum  of  it  one  inch  deep  is  placed  in  a  white  porcelain  or 
earthenware  vessel. 

(d.)  Any  liquid  which  contains  in  solution,  in  100,000  parts,  by 
weight,  more  than  two  parts  by  weight  of  any  metal  except  calcium, 
magnesium,  potassium,  or  sodium. 

(e.)  Any  liquid  which  in  100,000  parts  by  weight  contains, 
whether  in  solution  or  suspension,  in  chemical  combination  or  other- 
wise, more  than  0.05  part  by  weight  of  metallic  arsenic. 

(f)  Any  liquid  which,  after  acidification  with  sulphuric  acid  con- 
tains, in  100,000  parts  by  weight,  more  than  one  part  by  weight  of 
free  chlorine. 

(g.)  Any  liquid  which  contains,  in  100,000  parts  by  weight,  more 
than  one  part  by  weight  of  sulphur,  in  the  condition  of  either  sul- 
phuretted hydrogen  or  a  soluble  sulphuret. 

(h.)  Any  liquid  possessing  an  acidity  greater  than  that  which  is 
produced  by  adding  two  parts  by  weight  of  real  muriatic  acid  to 
1000  parts  by  weight  of  distilled  water. 

(i.)  Any  liquid  possessing  an  alkalinity  greater  than  that  which 
is  produced  by  adding  one  part  by  weight  of  dry  caustic  soda  to  1000 
parts  by  weight  of  distilled  water. 

(k.)  Any  liquid  exhibiting  a  film  of  petroleum  or  hydro-carbon 
upon  its  surface,  or  containing  in  suspension,  in  100,000  parts,  more 
than  0.05  part  of  such  oil. 

To  these  standards  was  attached  the  proviso,  that  "no  effluent 
water  shall  be  deemed  polluting  if  it  be  not  more  contaminated  with 
any  of  the  above  named  polluting  ingredients  than  the  stream  or 
river  into  which  it  is  discharged." 

IJineral  Waters. — Natural  spring-waters  impregnated  with  min- 
eral substances  to  such  an  extent  as  to  have  a  medicinal  effect,  are 
called  mineral  waters.  Such  waters  are  commonly  divided,  accord- 
ing to  the  character  of  the  foreign  substances  held  in  solution,  under 
the  heads  of  carbonated,  alkaline,  sidphuretted,  saline  (including 
magnesian,  chalybeate,  and  chlorinated),  and  siliceous  waters.  It  is 
not  necessary  to  describe  these  various  classes  here.  The  subject  is 
one,  with  the  general  features  of  which  our  members  are  presumed 
to  be  acquainted,  and  the  thorough  discussion  of  which,  though  it 
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would  l)e  both  pertinent  niul  valuable,  is  not  within  the  purpose  of 
the  present  i)aper, 

Coinmen-id/  Aruili/ses. — By  far  the  most  common  commercial 
analysis  of  water  is  made  to  deterniine  its  fitness  for  making  steam. 
Water  containing  more  than  5  parts  per  100,000  of  free  sulphuric 
or  nitric  acid  is  liable  to  cause  serious  corrosion,  not  only  of  the 
metal  of  the  boiler  itself,  but  of  the  pipes,  cylinders,  pistons  and 
valves  with  which  the  steam  comes  in  contact.  Sulphuric  acid  is 
the  only  one  of  these  acids  liable  to  be  present  in  the  water  from 
natural  sources;  it  being  often  produced  in  the  waters  of  the  coal 
and  iron  districts,  by  the  oxidation  of  iron  pyrites  to  sulphate  of 
iron,  which,  being  soluble,  is  lixiviated  from  the  earth  strata  and 
carried  into  the  stream;  the  presence  of  organic  matter,  taken  up 
by  the  water  in  its  after-course,  reducing  the  iron  and  lining  the 
bottom  of  the  stream  with  red  oxide  of  iron,  and  leaving  a  consider- 
able proportion  of  the  sulphuric  acid  free  in  the  water.  This  is  a 
troublesome  feature  with  the  water  necessarily  used  in  many  of  the 
iron  districts  of  this  country.  The  sulphuric  acid  may  come  from 
other  natural  chemical  reactions  than  the  one  described  above. 
Muriatic  and  nitric  acids,  and  often  sulphuric  acid  as  well,  may  be 
conveyed  into  water  through  the  refuse  of  various  kinds  of  manu- 
facturing establishments  discharged  into  it. 

The  large  total  residue  in  water  used  for  making  steam  causes  the 
interior  linings  of  the  boilers  to  become  coated,  clogs  their  action  and 
often  produces  a  dangerous  hard  scale,  which  prevents  the  cooling 
action  of  the  water  from  protecting  the  metal  against  burning. 

Lime  and  magnesia  bicarbonates  in  water  lose  their  excess  of  car- 
bonic acid  on  boiling,  and  often,  especially  when  the  water  contains 
sulphuric  acid,  produce,  with  the  other  solid  residues  constantly 
being  formed  by  the  evaporation,  a  very  hard  and  insoluble  scale.  A 
larger  amount  than  60  parts  per  100,000  of  total  solid  residue  will 
ordinarily  cause  troublesome  scale,  and  should  condemn  the  water 
for  use  in  steam-boilers,  unless  a  better  supply  cannot  be  obtained. 

The  following  is  a  tabulated  form  of  the  causes  of  trouble  with 
water  for  steam-purposes,  and  the  proposed  remedies,  taken  from 
notes  of  Prof.  W.  R.  Nichols's  lectures  on  "Industrial  Chemistry  :" 

Brief  Statement  of  Causes  of  Incrustation. 

1.  Deposition  of  suspended  matter. 

2.  De|)osition  of  dissolved  salts  from  concentration. 

3.  Deposition  of  carbonates  of  lime  and  magnesia  by  boiling  off 
carbonic  acid,  which  holds  them  in  solution. 
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4.  Dej30?ition  of  sulphates  of  lime,  because  sulphate  of  lime  is  but 
slightly  soluble  in  cold  water,  less  soluble  in  hot  M^ater,  insoluble 
above  140  degrees  C. 

5.  Deposition  of  magnesia,  because  magnesium  salts  decompose  at 
high  temperature. 

6.  Deposition  of  lime  soap,  iron  soap,  etc.,  formed  by  saponifica- 
tion of  grease. 

Varioiis  Means  for  Preventing  Incrustation. 

1.  Filtration. 

2.  Blowing  off. 

"3.  Use  of  internal  collecting  apparatus  or  devices  for  directing  the 
circulation. 

4.  Heating  feed- water. 

5.  Chemical  or  other  treatment  of  water  in  boiler. 

6.  Introduction  of  zinc  into  boiler. 

7.  Chemical  treatment  of  water  outside  of  boiler. 


Troublesome  Substance. 
Sediment,  rund,  clay,  etc. 

Readily  soluble  salts. 
Bicarbonates  of  lime,  magnesia, 
iron. 


Tabular    Yieiv. 

Trouble.  Remedy  or  Palliation. 

Incrustation.     Filtration. 

Blowing  off. 
"  Blowing  off. 


Sulphate  of  lime. 

Chloride  of  magnesium  and  sul- 
phate of  magnesia. 

Carbonate  of  soda  in  large 
amounts. 

Acid  (in  mine  waters). 

Dissolved  carbonic  acid  and  oxy- 
gen. 

Grease  (from  condensed  water). 


Organic  matter  (sewage). 
Organic  matter. 


"  Heating  feed.     Addition  of  caus- 

tic soda,  lime,  or  magnesia,  etc. 

"  Addition  of  carbonate  of  soda, 

barium  chloride,  etc. 

Corrosion.       Addition  of  carbonate  of  soda,  etc. 

Priming.        Addition  of  barium  chloride,  etc. 
Corrosion.       Alkali. 

"  Heating  feed.     Addition  of  caus- 

tic soda,  slacked  lime,  etc. 
"  Slacked  lime  and  filtering.     Car- 

bonate of  soda. 
Substitute  mineral  oil. 
Priming.        Precipitate  with  alum  or  ferric 

chloride  and  filter. 
Corrosion.       Ditto. 


The  mineral  matters  causing  the  most  troublesome  boiler-scales 
are  bicarbonates  and  sulphates  of  lime  and  magnesia,  oxides  of  iron, 
alumina,  and  silica.  The  analyses  of  some  of  the  most  common  and 
troublesome  boiler-scales  are  given  in  the  followins:  table: 
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The  following  table  shows  the  analyses  of  samples  of  water  giving 
bad  results  for  steam -purposes  : 

Analyses  in  Parts  per  Hundred  Thousand  of  Wcders  Giving  Bad 
Besults  for  Sfea  m-  Pu  rposes. 
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Many  substances  have  been  added  with  the  idea  of  causing  chem- 
ical action  which  will  prevent  boiler-scale.  As  a  general  rule,  these 
do  more  harm  than  good ;  for  a  boiler  is  among  the  worst  possible 
places  in  which  to  carry  on  a  chemical  reaction,  where  it  nearly 
always  causes  more  or  less  corrosion  of  the  metal,  and  is  liable  to 
cause  dangerous  explosions. 

In  cases  where  water  containing  large  amounts  of  total  solid  resi- 
due is  necessarily  used,  a  heavy  petroleum  oil,  free  from  tar  or  wax, 
which  is  not  acted  upon  by  acids  or  alkalies,  not  having  sufficient 
wax  in  it  to  cause  saponification,  and  which  has  a  vaporizing-point 
at  nearly  600  degrees  Fahrenheit,  will  give  the  best  results  in  pre- 
venting boiler-scale.  Its  action  is  to  form  a  thin  greasy  film  over 
the  boiler-linings,  protecting  them  largely  from  the  action  of  acids 
in  the  water,  and  greasing  the  sediment  which  is  formed,  thus- pre- 
venting the  formation  of  scale  and  keeping  the  solid  residue  from 


*  Taken  near  discharge-pipes  from  large  manufacturing  establishments. 
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the  evaporation  of  the  water  in  such  a  plastic,  suspended  condition 
that  it  can  be  easily  ejected  from  the  hoiler  hy  the  process  of  "blow- 
ing olf."  If  the  water  is  not  blown  off  sufficiently  often,  this  sedi- 
ment forms  into  a  kind  of  a  "  putty  "  that  will  necessitate  cleaning 
the  boilers.  Any  boiler  using  bad  water  should  be  blown  off  every 
twelve  hours.  The  formation  of  scale  of  hard  residue  on  the  boiler- 
linings  will  be  almost  entirely  prevented  by  the  use  of  this  oil,  which 
is  manufactured  in  Pittsburgh,  and  sold  in  the  markets  iinder  the 
name  of"  Boiler  Scale  Resolvent." 

Hardness  of  Water. — The  hardness  of  water,  or  its  opposite 
quality,  indicated  by  the  ease  with  whicli  it  will  form  a  lather  witli 
soap,  depends  almost  altogether  upon  the  presence  of  compounds 
of  lime  and  magnesia.  Almost  all  soaps  consist,  chemically,  of 
oleate,  stearate,  and  palmitate,  of  an  alkaline  base,  usually  soda  and 
potash.  The  more  lime  and  magnesia  in  a  sample  of  water,  the 
more  soap  a  given  volume  of  the  water  will  decompose,  so  as  to  give 
insoluble  oleate,  palmitate,  and  stearate  of  lime  and  magnesia,  and 
consequently  the  more  soap  must  be  added  to  a  gallon  of  water  in 
order  that  the  necessary  quantity  of  soap  may  remain  in  solution  to 
form  the  lather.  The  relative  hardness  of  samples  of  water  is  still 
generally  expressed  in  terms  of  the  number  of  standard  soap-meas- 
ures consumed  by  a  gallon  of  water  in  yielding  a  permanent  lather, 
rather  than  in  parts  per  hundred  thousand,  for  the  reason  that  as  the 
relative  hardness  of  samples  of  water  has  come  to  be  a  commercial 
quality,  and  is  determined  by  many  who  are  not  chemists,  it  has 
been  found  more  difficult  to  change  the  method  of  reporting.  As 
before  explained,  reports  in  degrees  or  grains  per  imperial  gallon  can 
be  readily  transposed  in  parts  per  hundred  thousand  by  multiplying 
the  number  of  grains  by  10  and  dividing  the  product  by  7. 

The  standard  soap-measure  is  the  quantity  required  to  precipitate 
one  grain  of  carbonate  of  lime. 

It  is  commonly  reckoned  that  one  gallon  of  pure  distilled  water 
takes  one  soap-measure  to  produce  a  lather.  Therefore,  one  is  de- 
ducted from  the  total  number  of  soap-measures  found  to  be  necessary 
to  use  to  produce  a  lather  in  a  gallon  of  water,  in  reporting  the  num- 
ber of  soai)-measures,  or  "  degrees  "  of  hardness  of  the  water  sample. 
In  actually  making  tests  for  hardness,  the  "miniature  gallon,"  or 
seventy  cubic  centimeters,  spoken  of  on  a  previous  page,  is  used 
rather  than  the  inconvenient  larger  amount.  The  standard  measure 
is  made  by  completely  dissolving  ten  grammes  of  pure  castile  soap 
(containing  60  per  cent,  oleic  acid)  in  a  liter  of  weak  alcohol  (of  about 
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35  per  cent,  alcohol).  This  yields  a  solution  containing  exactly 
sufficient  soap  in  one  cubic  centimeter  of  the  solution  to  precipitate 
one  milligramme  of  carbonate  of  lime,  or,  in  other  words,  the  standard 
soap-solution  is  reduced  to  terms  of  the  "  miniature  gallon  "  of  water 
taken.  The  correctness  of  the  standard  soap-solution  is  standardized 
against  a  solution  of  one  gramme  of  carbonate  of  lime,  dissolved  in 
hydrochloric  acid,  carefully  neutralized  with  ammonia  and  diluted 
to  one  liter,  so  that  each  cubic  centimeter  represents  one  milligramme 
of  carbonate  of  lime. 

The  standard  soap  solution  should  be  standardized  against  a 
known  lime  solution  of  a  strength  ap])roximating  that  of  the  sam- 
ples of  water  to  be  analyzed;  especially  should  this  be  done  with 
waters  strong  in  contained  lime  salts. 

If  water  charged  with  bicarbonate  of  lime,  magnesia,  or  iron,  is 
boiled,  it  will,  on  the  excess  of  the  carbonic  acid  being  expelled,  de- 
posit a  considerable  quantity  of  the  lime,  magnesia,  or  iron,  and 
consequently  the  water  will  be  softer.  The  hardness  of  the  water 
after  this  deposit  of  lime,  after  long  boiling,  is  called  the  jiermanent 
hardness,  and  the  difference  between  it  and  the  total  hardness  is 
called  temporary  hardness. 

Lime  salts  in  water  react  immediately  on  soap-solutions,  precipi- 
tating the  oleate,  j)almitate,  or  stearate  of  lime  at  once.  Magnesia 
salts,  on  the  contrary,  require  some  considerable  time  for  reaction. 
They  are,  however,  more  powerful  hardeners;  one  equivalent  of 
magnesia  salts  consuming  as  much  soap  as  one  and  one-half  equiva- 
lents of  lime. 

The  presence  of  soda- and  potash  salts  softens  rather  than  hardens 
water. 

The  applicability  of  a  given  water  for  very  many  of  the  manu- 
facturing industries  requires  its  analysis  for  the  contained  impurities. 
The  most  common  injurious  impurities  for  manufacturing  purposes 
are  the  free  acids,  excessive  amounts  of  total  solids,  and  salts 
affecting  the  relative  hardness. 
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BY  F.   V.    GREENE,   NEW  YORK   CITY. 

(Buffalo  Meeting,  October,  1888.) 

This  paper  is  based  on  my  experience  in  the  use  of  asphalt,  for 
paving  and  other  purposes,  during  the  last  ten  years,  part  of  the 
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time  as  Govonimeiit  engineer,  in  charge  of  such  work  in  Washington, 
and  j>art  ot"  the  time  as  the  managing  officer  of  a  corporation  en- 
gaged in  laying  snch  pavements  in  a  large  number  of  cities.  It  is 
presented  in  obedience  to  the  invitation  of  the  Council  of  the  In- 
stitute, which  must,  therefore,  assume  the  responsibility  of  deciding 
that  the  subject  will  [)rove  appropriate  and  interesting. 

Of  all  the  materials  used  in  construction,  I  think  it  may  fairly  be 
said  that  the  one  more  nearly  indispensable  than  any  other  is  cement. 
The  sticking-  or  binding-material,  which  causes  the  larger  masses 
of  sand,  stone,  or  brick  to  adhere  and  hold  firmly  together,  is,  and 
always  has  been,  so  universally  employed,  that  we  can  hardly  con- 
ceive of  any  permanent  structures  erected  without  it. 

There  are  two  general  classes  of  cements,  viz.,  hydraulic  and  bi- 
tuminous. In  the  one,  water  is  employed  to  make  a  paste  which,  in 
drying,  undergoes  certain  chemical  changes  and  becomes  a  hard  and 
adhesive  artificial  stone.  Owing  to  the  fact  that  it  is  not  materially 
affected  by  water  or  heat  after  it  has  become  hard  or  "  set,"  it  is,  in 
some  respects,  superior  to  bituminous  cement,  and  is  much  more 
widely  used.  In  the  other,  the  hardening  and  adhesive  qualities  are 
obtained  by  simply  cooling  from  a  liquid  to  a  solid  condition.  This 
cement  is  again  affected  by  heat,  and  hence  is  not  adapted  to  con- 
structions which  are  to  be  subjected  to  wide  ranges  of  temperature. 
On  the  other  hand,  it  has  the  advantages  of  being  water-proof  and 
of  being  slightly  ductile.  Hence  its  use  is  restricted  to  those  struc- 
tures in  which  rigidity  is  undesirable,  which  are  subjected  to  heavy 
blows  and  concussion,  and  in  which  complete  impermeability  to 
water  is  necessary.  Within  this  I'estricted  class  of  structures  its 
superiority  as  a  cementing  material  is  uncontested. 

It  is  with  the  bituminous  cements,  and  with  asphalt  as  one  of 
that  class,  that  we  are  now  concerned. 

While  the  hydraulic  cements  have  been  carefully  studied  by  Vicat, 
Paisley,  Gillmore,  and  others,  who  have  thoroughly  classified  them 
and  given  them  a  distinct  and  well  understood  nomenclature,  the 
bituminous  cements,  owing  to  their  restricted  use,  have  not  been 
so  well  defined,  and  a  certain  amount  of  confusion  exists  as  to  the 
meaning  of  the  words,  asphalt,  tar,  bitumen  and  pitch. 

Mr.  Leon  Malo,  the  well-known  engineer  of  the  Seyssel  mines  of 
Fi'ance,  ignoring  the  Greek  lexicon,  and  the  meaning  which  has  at- 
tached to  the  word  for  over  twenty  centuries,  has  sought  to  appro- 
priate for  the  mines  of  his  company  the  exclusive  ownership  of  the 
word  "asphalte,"  and  claims   that  this  word  describes  only  a  bitu- 
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minous  limestone.  On  the  other  hand,  the  various  tar-poultices, 
made  from  the  refuse  of  the  nearest  gas-works,  which  were  intro- 
duced into  Washington,  in  1871,  and  spread  thence  over  the  country 
like  an  epidemic,  more  terrible  than  a  pestilence  to  the  taxpayer, 
were  all  known  as  "  asphalt  pavements."  A  reference  to  Worcester's, 
or  any  other  standard  dictionary,  or  to  the  standard  works  on  min- 
eralogy, will  correct  these  errors.  Asphaltos  is  an  ancient  Greek 
word  which  passed  into  the  Latin  as  asphalfum.  In  the  Greek  it  is 
used  by  Homer;  in  the  Latin  version  of  the  Bible  it  appears  in  the 
book  of  Genesis  in  describing  the  construction  of  the  ark  and  the 
tower  of  Babel ;  in  English,  it  is  employed  by  Milton  in  Paradise 
Lost,  and  everywhere  it  is  used  to  describe  just  what  Worcester  de- 
fines it  to  be,  viz.,  native  bitumen  or  mineral  pitch.  He  derives  it 
from  a  privative  and  <T^dUecv,  to  slip,  in  view  of  its  ancient  use  as  a 
cement ;  but  it  may  not  have  been  originally  a  Greek  word  at  all. 

It  is  found  in  various  parts  of  the  world,  either  combined  with 
other  substances  or  in  a  free  state,  in  various  degrees  of  consistency 
from  complete  fluidity  to  a  substance  resembling  in  appearance  hard 
rubber  or  black  sealing-wax. 

Of  its  use  by  the  ancients  we  know  little  beyond  the  tradition  that 
the  walls  of  Babylon  were  cemented  with  asphalt  from  a  neighbor- 
ing spring  on  the  Euphrates.  It  is  also  reported  that  it  was  used 
by  the  Egyptians  in  embalming;  but  the  exact  manner  in  which  they 
profited  by  its  antiseptic  qualities  is  not  now  known. 

In  order  to  arrive  at  any  classification  it  is  necessary  to  give  some 
definition  to  the  word  bitumen,  which  is  not  strictly  defined  in  any 
of  the  books.  Possibly,  as  good  a  definition  as  can  be  given  is  to 
say  that  bitumen  is  the  generic  name  for  the  entire  class  of  hydro- 
carbons remaining  from  the  distillation  of  coal,  or  other  substances 
from  which  coal  has  been  formed.  The  three  words,  oil,  tar,  and 
pitch,  are  used  to  distinguish  the  three  varieties  of  free  bitumen 
which  are  liquid,  viscous,  and  solid.  The  native  mineral  oil,  or  liquid 
bitumen,  has  received  the  name  of  petroleum ;  native  mineral  tar,  or 
viscous  bitumen,  has  only  been  found  in  such  limited  quantities  and 
has  been  so  little  used  that  it  has  received  no  specific  name;  native 
mineral  pitch,  or  hard  bitumen,  i.e.,  bitumen  found  in  nature  in  the 
solid  form,  has  always  been  known  as  asphalt,  or  asphaltum. 

With  these  fundamental  definitions,  it  is  not  difficult  to  construct 
a  tabular  statement  showing  the  varieties  of  bitumen  and  its  com- 
pounds, and  the  localities  where  they  are  found,  as  follows.     This 
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tabic,  tlioiisxli  similar  in  form,  diHors  in  arrangement  from  the  table 

given  by  Malo: 

I'  Litjuid :     Petroleuru    (Pennsylvania,    Ohio,    etc., 

I  Baku,  on  the  Caspian). 

1.    In    a    free    J  [Tar-Springs    (France,  Alabama,  Ven- 

I            stale:            I  Viscous:  "j      eznela). 

I  y  Gas  Tar- 

l  Solid:     Glance  Pitch  (Cuba,  Texas,  Utah). 

1...  2.  Mixed  witli  carthv  matter:  Asphalt  (Trinidad  Pitch  Lake). 

liitnmen  :  i  ■  ■  c       ^  /r-.  n  it       • 

3.  Conu)ined  with  silica:  Bituinuions  Sandstones  (1*  ranee,  California, 

Utah). 

4.  Combined  with  lime;  Bituminous  Limestones  (France,  Germany, 

Spain,  Sicily,  Utah,  Colorado,  Cuba, 
Mexico). 

Petroleum. — This  substance  contains  so  many  volatile  oils  that  it 
is  liqnid  at  ordinary  temperatures,  and  hence  cannot  perform  any  of 
the  functions  of  a  cement.  No  discussion  of  it  is  therefore  pertinent 
in  this  paper.  It  is  proper  to  remark,  however,  that  its  residuum, 
after  extracting  the  lighter  oils,  is  used  to  temper  asphalt  in  order  to 
obtain  the  pro|)er  degree  of  ductility;  and  if  this  residuum  is  still 
further  distilled,  a  pitch  can  be  obtained  which  has  all  the  properties 
of  native  mineral  pitch  or  asphalt,  and  is  also  chemically  pure,  i.e., 
■wholly  soluble  in  carbon  disulphide.  The  exact  nature  of  this  final 
distillation,  or  process  of  treatment,  has  never  been  made  public.  It 
is  so  expensive  as  to  be  wholly  prohibitory  for  paving-  and  roof- 
ing-compounds, but  the  resulting  product  gives,  I  believe,  the  highest 
tests  yet  obtained  as  an  insulator  for  underground  wires.  It  is  used 
in  the  AVaring  cable. 

Tar-Springs. — These  "  springs,"  which  give  forth  a  native  min- 
eral tar  of  about  the  consistency  of  thick  molasses,  are  found  near 
the  headwaters  of  the  Loire,  in  France,  and  in  various  parts  of  Ala- 
bama, Tennessee,  and  Kentucky.  The  material  exudes  from  between 
thin  layers  of  limestone,  and  is  quite  pure,  about  91.9  per  cent,  being 
soluble  in  carbon  disulphide.  The  quantity,  however,  is  extremely 
limited,  each  spring  yielding  only  a  few  barrels  in  a  season  ;  and  it 
is  not  commercially  practicable  to  mine  the  rock  for  the  purpose  of 
extracting  the  small  amount  of  tar  scattered  through  it. 

The  springs  of  Venezuela  are  larger  in  extent,  but  are  remote  of 
access,  and  uprofitable  for  commercial  purposes  on  account  of  the 
expense  of  shipping.  They  have  never  been  used  to  any  large  extent, 
and  hence  their  practical  value  is  undetermined.  The  bitumen  is 
quite  pure,  but  contains  a  considerable  amount  of  water,  which 
makes  it  dangerous  to  handle,  since   in   the   process  of  refining  it 
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"  foams  "  [i.e  ,  increases  .in  volume  owing  to  escaping  vapor)  to  such 
an  extent  as  to  overflow  the  kettles  and  take  fire. 

Gas-Tar. — This  is  the  well-known  product  resulting  from  the  dis- 
tillation of  bituminous  coal  in  the  manufacture  of  illuminating-gas. 
Twenty-five  years  ago,  it  was  considered  as  refuse  and  the  gas  com- 
panies paid  for  hauling  it  away.  Since  then,  the  chemistry  of  the 
hydrocarbons  has  made  such  progress  that  it  is  now  commonly  re- 
ported that  the  by-products  made  from  the  tar  pay  all  the  expenses 
of  gas-making  and  leave  the  gas  as  pure  profit.  These  various 
products,  creosote,  fuel-oil,  naphtha,  anthracene,  aniline,  etc.,  are 
well  known.  The  only  ones  that  have  any  cementing  qualities  are 
the  residuum  of  distillation  at  various  points,  known  in  commerce 
as  roofing-  and  paving-pitch.  These  resemble  the  native  pitch  {i.e., 
asphalt)  so  closely  in  outward  appearance  that  they  were  thought  at 
one  time  to  be  equally  valuable ;  but  experience  has  shown  that 
this  is  not  the  case.  These  products  are  the  result  of  a  destructive 
distillation,  arbitrarily  stopped  at  a  certain  point.  Their  chemical 
arrangement  has  been  disturbed  and  has  not  reached  a  stable  com- 
pound. Under  the  influence  of  heat  and  moisture,  when  exposed  to 
the  air,  more  oxygen  is  absorbed  and  a  slow  distillation  takes  place, 
which  in  time  becomes  an  ultimate  distillation,  i.e.,  reduces  the  sub- 
stance to  a  friable  coke,  deprived  of  all  cementing  qualities. 

In  situations  where  these  substances  are  not  subjected  to  the  in- 
fluences of  the  air,  the  cementing  quality  is  retained  for  many  years; 
but  the  presence  of  an  unlimited  supply  of  oxygen  and  the  sun's 
heat  causes  them  to  deteriorate  rapidly.  To  overcome  this  tendency, 
the  practice  has  arisen  of  mixing  the  gas-tars  with  genuine  asphalt; 
and  this  has  been  successful  in  proportion  to  the  amount  of  asphalt 
used — most  successful  of  all  when  the  asphalt  is  100  per  cent,  and 
the  tar  0.  The  use  of  gas-tar  as  a  cement  in  roofing-  and  paving- 
compounds  is  governed  by  substantially  the  same  principles  as  the 
uee  of  asphalt  for  these  purposes,  which  will  be  hereafter  described. 

Glance  Pitch. — The  hard  asphalt,  coram  only  known  as  Glance  Fitch, 
is  extremely  pure,  98.9  per  cent,  being  soluble  in  CSj.  This  substance 
is  very  fragile  and  brittle,  crumbling  easily  between  the  fingers,  and 
is  therefore  useless  for  paving-  or  roofing-purposes;  but  its  purity 
and  its  stable  character  in  a  chemical  sense  make  it  very  valuable  for 
varnish.  It  is  prepared  for  this  purpose  by  dissolving  it  in  spirits 
of  turpentine.  It  is  found  in  Texas  and  in  various  parts  of  Mexico 
and  Cuba,  and  also  in  Utah,  where  it  has  been  known  under  the  name 
ofGilsonite. 
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The  substances  named  above  comprise  all  the  principal  known 
varieties  of  bitumen  in  a  free  state.  The  asphalt  of  Trinidad,  as 
will  be  subsequently  explained,  is  mixed  with  a  certain  amount  of 
earthy  matter.  The  combinations  of  bitumen  with  quartz  or  lime- 
stone, forming  the  bituminous  rocks,  have  had  a  wide  development 
in  commercial  use,  and  will  now  be  described. 

Bihiininoiis  Sanddones. — The  bituminous  sands  and  sandstones  of 
France  yield,  on  analysis,  from  5  to  13  per  cent,  of  bitumen,  mixed 
with  sand  and  a  small  amount  of  limestone  and  clay.  Tiiey  have 
been  principally  used  for  the  purpose  of  extracting  the  bitumen. 
The  process  consists  in  boiling  with  water  at  a  temperature  which 
fuses  the  bitumen  and  allows  the  sand  to  settle  to  the  bottom;  the 
water  is  theu  evaporated  from  the  scum  or  froth,  and  the  bitumen  is 
left  as  a  deposit.  The  greater  portion  of  this  supply  has  now  been 
exhausted. 

The  bituminous  sandstone  of  California  is  found  in  large  quanti- 
ties at  various  points  between  San  Francisco  and  Los  Angeles.  It 
contains  about  12  to  18  per  cent,  of  bitumen,  and  the  rest  is  quartz 
sand,  in  grains  about  Yijth  of  an  inch  in  size.  The  material  is  suffi- 
cientl}'  soft  to  yield  to  the  heat  and  pressure  of  the  hand.  Within 
the  last  few  years  it  has  come  into  use  for  paving-purposes  in  Los 
Angeles  and  other  cities  on  the  Pacific  coast.  The  rock  is  quarried, 
broken  to  fragments  of  about  2  inches  in  size,  heated  in  kettles  by 
steam  (which  causes  it  to  fall  into  powder),  and  then,  while  still  hot, 
taken  to  the  street  and  compressed  by  rolling  or  tamping.  None  of 
the  pavement  has  been  laid  on  a  large  scale  for  longer  than  two 
years,  and  the  reports  as  to  its  quality  as  a  paving-material  are  con- 
flicting. It  appears  to  be  so  soft  that  wheels  and  horses'  feet  sink 
into  it  quite  deeply ;  but,  on  the  other  hand,  these  marks  appear  to 
be  more  or  less  obliterated  by  the  next  passing  vehicle. 

Bituminous  Limestone^'i. — The  bituminous  limestones  of  France 
have  furnished  the  material  with  which  portions  of  the  streets  of 
Paris  and  other  European  cities  are  paved.  The  best  mines  are 
those  of  Seyssel  and  Val-de-Travers.  They  are  of  uniform  quality, 
and  yield  on  analysis  about  10  to  11  per  cent,  of  bitumen,  the  rest 
being  pure  carbonate  of  lime,  free  from  clay  or  other  impurities. 
The  extent  to  which  the  material  has  been  used  for  paving  roadways 
is  about  as  follows:  In  Paris,  13  miles;  in  London,  15  miles;  in 
Berlin,  9  miles;  in  other  cities,  10  miles;  total,  47  miles. 

It  was  introduced  in  Paris  about  thirty  years  ago,  and  has  proved 
a  durable  material,  with  the  qualities  pertaining  to  a  smooth  pave- 
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ment.  The  chief  objection  to  it  is  its  slipperiness.  The  limestone, 
which  forms  nearly  90  per  cent,  of  its  volume,  is  not  granular,  but 
amorphous,  and  it  polishes  under  traffic,  so  as  to  become  at  times 
dangerous  for  horses. 

The  preparation  of  the  pavement  consists  in  mining  the  rock  and 
breaking  it  into  pieces  about  3  inches  in  size;  these  are  passed 
through  a  set  of  toothed  rollers,  and  then  through  smooth  rollers, 
which  reduce  the  material  to  a  fine  powder.  This  is  then  placed  in 
a  large  iron  cylinder  into  which  hot  air  (about  500°  F.)  is  intro- 
duced. The  interior  of  the  cylinder  is  provided  with  a  large  re- 
volving helix  or  screw,  of  nearly  the  same  diameter  as  the  cylinder, 
and  having  several  small  paddles  at  its  outer  edges.  These  paddles 
raise  the  powder  as  the  helix  revolves,  and  the  powder  then  falls 
through  the  hot  air,  and  at  the  same  time  is  moved  by  the  helix 
towards  the  end  of  the  cylinder.  The  material  is  fed  at  one  end  of 
the  cylinder  in  certain  proportions  for  each  turn  of  the  helix,  and 
when  the  entire  charge  has  been  moved  to  the  opposite  end  it  falls 
into  a  box  on  the  under  side  of  the  cylinder,  from  which  it  is  re- 
rcoved,  placed  in  carts,  hauled  to  the  street,  spread  on  a  bed  of  con- 
crete previously  prepared,  and  thoroughly  compacted  by  hard  tamping 
with  iron  rammers.  It  cools  to  the  temperature  of  the  atmosphere 
in  a  few  hours,  and  the  street  is  then  thrown  open  to  traffic. 

The  sidewalks  of  Paris  are  also  paved  with  a  preparation  known 
as  asphalt  mastic,  which  is  made  in  the  following  manner.  The  rock, 
after  being  reduced  to  powder  as  above  described,  is  placed  in  cylin- 
drical kettles,  in  wdiich  about  8  per  cent,  of  Trinidad  asphalt  has 
previously  been  placed  and  melted.  The  mass  is  stirred  by  revolving 
arms  and  agitators,  at  a  temperature  of  about  280°  F.,  for  about 
five  hours.  It  is  thus  thoroughly  "  cooked,"  and  is  then  run  out  of 
the  kettles  into  moulds,  where  it  cools  in  the  form  of  cakes  or  blocks, 
weighing  about  50  pounds  each.  These  are  sold  in  commerce.  To 
use  them  on  the  street  the  material  is  again  heated  in  a  suitable 
kettle  in  the  following  proportions  : 

Mastic  cakes  (broken  to  egg-size), 60  pounds. 

Trinidad  asphalt 4       " 

Fine  gravel  and  sand,        .......     36       " 

100       " 

This  is  "cooked  "  for  about  two  hours  at  a  temperature  of  about 
300°  F.,  great  care  being  taken  constantly  to  stir  the  mixture.     It 
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is  then  taken  out  of  the  kettle  by  tlie  hueketful  and  poured  on  the 
foundation  previously  prepared  for  the  side- walk,  its  eonsisteney 
being  sue!)  that  it  will  flow  very  slowly.  It  is  then  spread  by  means 
of  wooden  trowels,  and  compressed  and  smoothed  by  rubbing,  as  in 
plastering. 

These  side-walks  have  given  great  satisfiiction  in  Paris,  and  are 
almost  universally  used  throughout  the  city.  Their  superficial  area 
is  nearly  5,000,000  square  yards  (about  fifteen  times  as  great  as  the 
area  of  the  asphalted  streets),  and  their  length  probably  exceeds 
1000  miles. 

The  bituminous  limestones  of  Germany,  Sicily  and  Spain  are  of 
the  same  general  character  as  those  of  France,  but  they  are  inferior 
in  quality,  since  they  are  not  so  homogeneous  or  so  uniformly  im- 
pregnated with  bitumen.  Sami)les  of  a  similar  kind  of  limestone 
have  been  found  in  various  parts  of  the  Rocky  Mountains,  but  they 
have  not  as  yet  come  into  general  use  for  paving-purposes,  and  it  is 
probable  that  the  expense  of  transportation  will  prevent  their  intro- 
duction to  any  great  extent. 

The  bituminous  limestones  of  Mexico  and  Cuba  contain  about  70 
per  cent,  of  bitumen,  mixed  with  limestone,  sand,  and  other  impu- 
rities. They  have  not  come  into  general  use  for  paving.  It  is 
found  that,  on  partial  reduction,  the  bitumen  from  this  and  other 
sources  can  be  resolved  into  two  substances,  to  which  the  names 
petrolene  and  asphaltene  have  been  given,  the  petrolene  being  soft 
and  resembling  petroleum,  and  the  asphaltene  being  hard  and  resem- 
bling asphalt. 

In  the  Cuban  rock  the  asphaltene  is  too  largely  in  excess  to  make 
a  good  cementing-material.  A  j)avement  laid  with  Cuban  asphalt  in 
Washington,  under  guaranty  of  maintenance,  was  taken  up  by  the 
contractor  at  the  end  of  a  year  and  relaid  with  Trinidad  asphalt. 
In  Louisville  a  i)avement  of  Cuban  asphalt  was  laid  in  1882.  Be- 
tween one-third  and  one-half  of  it  has  been  taken  up  and  relaid  with 
Trinidad  asphalt,  and  what  remains  is  everywhere  cracked  and  shat- 
tered like  a  broken  pane  of  glass.  This  material  is  evidently  too 
brittle  for  a  good  paving-cement.  It  is  also  so  situated  geologically 
that  its  mining  is  very  expensive. 

Trinidad  Asphalt. — The  asphalt  of  Trinidad  is  found  in  a  so-called 
"  lake,"  situated  about  lOO  feet  above  the  sea,  and  about  3  miles 
from  the  shore  of  the  island,  at  the  village  of  La  Brea  (the  Spanish 
word  for  pitch).  Its  area  is  about  114  acres;  its  depth,  as  far 
as  ascertained  by  certain  rude  borings,  is  re[)orted  to  be  about  18 
feet  at  the  sides  and  78  feet  in  the  center;  and  underlying  it  there  is 
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said  to  be  a  bed  of  blue  clay.  If  these  figures  are  correct,  the  lake 
contains  about  6,000,000  tons  of  asphalt.  Whether  these  borings 
are  even  approximately  accurate  is,  however,  very  doubtful.  It  is 
even  contended  by  some  that  the  lake  is  still  fed  from  underground 
sources.  The  only  positive  information  on  the  subject  is  the  fact 
that  the  excavations  of  the  last  ten  years,  amounting  to  about  180,- 
000  tons,  have  not  appreciably  lowered  its  level ;  and  for  all  practical 
purposes,  at  the  present  rate  of  consumption,  it  may  be  said  to  be 
inexhaustible, 

Tlie  word  "  lake,"  applied  to  this  dejwsit,  is  an  entire  misnomer. 
It  is  a  level  tract  of  brownish  material  having  an  earthy  appearance. 
Cracks  or  fissures,  having  a  width  and  depth  of  a  few  feet,  appear 
here  and  there  over  the  surface.  Some  of  them  are  filled  with  rain- 
water, while  others  have  been  filled  with  soil  blown  there  by  the 
wind,  and  giving  support  to  a  scrubby  vegetation.  Some  travellers 
have  reported  that  the  deposit  is  liquid  in  the  middle,  but  such  is  not 
the  fact.     Carts  and  mules  can  be  driven  everywhere  on  its  surface. 

The  material  is  dug  with  a  pick  and  shovel,  loaded  into  carts,  and 
hauled  to  the  beach.  Here  it  is  placed  in  baskets,  which  are  carried 
by  coolies  wading  through  the  surf  to  lighters,  and  from  these  lighters 
it  is  loaded  on  vessels.  During  the  voyage  the  material  unites  into 
a  solid  mass,  and  has  to  be  removed  again  by  the  use  of  the  pick 
and  shovel.  On  being  unloaded  it  is  placed  for  about  five  days  in 
large  tanks  heated  by  a  slow  fire.  The  moisture  is  expelled,  the 
roots  of  trees  and  other  vegetable  matters  are  skimmed  off  the  sur- 
face, the  earthy  matter  with  which  it  is  combined  settles  by  gravity, 
and  the  refined  product  is  run  off  into  barrels.  This  refining  is  in 
reality  a  mere  heating  to  a  liquid  condition,  in  order  to  allow  the 
sediment  to  deposit ;  and  great  care  is  taken  not  to  heat  the  material 
to  a  point  which  will  in  any  way  change  its  chemical  condition,  or 
produce  distillation. 

The  crude  asphalt  has  the  following  properties  :  Specific  gravity, 
1.28  ;  hardness  at  70°  F.,  2.5  to  3  in  Dana's  scale;  color,  chocolate 
brown.     It  yields  on  partial  analysis:* 

Bitumen, 39.83  per  cent. 

Earthy  matter, 33.99         " 

Vegetable  matter, 9.31         " 

Water, 16.87 

100.00 

*  All  the  analyses  given  in  this  paper  were  made  by  Prof.  H.  C.  Bowen,  of  the 
School  of  Mines,  Columbia  College,  Chemist  to  the  Barber  Asphalt  Paving  Com- 
pany. 
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The  earthy  matter  consists  mostly  of  chiy,  and  the  rest  is  very 
fine  sand.  The  refined  asjjhalt  has  the  following  i>roi)erties :  Spe- 
citie  gravity,  1.4U  ;  hardness  at  70°  F..  2.5  ;  color,  black.  It  breaks 
with  a  conchoidal  fracture,  burns  with  a  yellowish-white  flame,  and 
in  burning  emits  an  empyreuinatic  odor.   It  yields  on  i)artial  analysis: 

Per  cent. 

Bitmnon  (by  CS,) o9.86 

Earthy  matter 35.82 

Vegetable  matter. 4.32 

100.00 
And  on  ultimate  analysis  of  the  pure  bitumen  dissolved  out  by  CS^ 

Per  cent. 

Carbon  (C), 85.89 

Hydrogen  (H), 11.06 

Sulphur  (S), 2.49 

Unknown,  possibly  oxygen, •       0.56 

100.00 

After  treatment  with  petroleum  residuum,  in  order  to  make 
asphalt  paving-cement,  the  bitumen  soluble  in  CS,  varies  from  68.5 
to  70  per  cent. 

The  Principal  Uses  of  Refined  Asphalt. — These  are  as  follows:  1. 
As  a  varnish  or  paint ;  2.  As  an  insulating-material ;  3.  As  a  water- 
proofing material;  4.  As  a  cement  in  ordinary  construction  ;  5.  As 
a  cement  in  roofing-  and  paving-compounds. 

For  all  of  these  purposes  it  is,  in  its  natural  state,  too  brittle  at 
ordinary  temjieratures.  It  is,  therefore,  treated  or  tempered  with 
some  form  of  oil,  the  kind  of  oil  and  the  amount  used  depending 
on  the  purpose  to  which  it  is  to  be  applied.  For  a  thin  varnish  it 
is  mixed  with  one-third  of  oil  of  turpentine  and  one-sixth  of  shellac. 
For  paving-cement  it  is  mixed  with  one-sixth  of  petroleum  re- 
siduum. This  cement  is  also  suitable  for  coating  water-pipes;  but 
as  these  are  not  subject  to  atmospheric  influences,  they  are  usually 
coated  with  coal-tar  residuum.  An  insulating  material  for  electric 
cables,  called  bitite,  is  made  by  the  Callender  Insulating  Company. 
Its  exact  composition  is  not  known,  but  the  principal  ingredient  is 
asphalt.  Asj)halt  paving-cement  is  also  u.sed  to  imbed  naked  copper 
wires  for  electric  lighting.  iSIixed  with  sand,  in  substantially  the 
same  proportions  as  for  paving,  asphalt  has  been  u.sed  to  make  elec- 
trical conduits  on  the  "drawing-in  .system."  As  to  the  importance 
of  nsine:  a  non-conducting  material  in  such  conduits,  in  which  insu- 
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lated  wires  and  cables  are  to  be  placed,  electrical  experts  are  divided 
in  ojjinion.  A  serious  objection  to  the  use  of  such  material  in  the 
streets  of  New  York  is  the  escaping  steam  from  steam-heating  pipes, 
which  frequently  raises  the  temperature  of  the  surrounding  earth  to 
over  250°  F.,  at  which  temperature  the  conduit  loses  its  shape  under 
pressure.  Where  such  pipes  are  not  laid,  these  conduits  are  believed 
to  be  entirely  satisfactory. 

In  masonry  construction,  for  the  reasons  stated  at  the  beginning 
of  this  paper,  bituminous  cement  is  used  only  in  those  cases  in  which 
rigidity  is  undesirable  and  impermeability  to  water  is  necessary.  A 
notable  instance  of  this  is  the  brick  arch  spanning  the  large  wrought- 
iron  water-main  on  the  High  Bridge  over  the  Harlem  River  in  Xew 
York.  It  was  essential  that  this  arch  should  be  water-proof;  and 
as  its  length  is  1381  feet,  a  ductile  cement  was  indispensable  on  ac- 
count of  expansion  and  contraction.  The  Chief  Engineer  (Gen.  G. 
S.  Greene)  used  a  cement-mortar,  made  of  Trinidad  asphalt  with 
the  addition  of  10  per  cent,  by  volume  of  coal-tar  residuum  and  25 
per  cent,  of  sand.  The  arch  was  a  segment  of  a  circle,  of  radius  29 
feet  6  inches,  and  span  17  feet,  the  thickness  being  12  inches,  com- 
posed of  three  courses  of  bricks.  The  first  two  courses  were  laid  on 
edge  with  ordinary  mortar  of  hydraulic  cement  and  sand.  On  the 
second  course  a  layer  of  the  asphalt-cement  mortar  was  laid  to  the 
thickness  of  half  an  inch.  On  this,  while  still  hot,  the  third  course 
of  bricks  was  laid  flat,  the  bricks  being  dry  and  hot,  and  dipped  in 
hot  asphalt  before  laying.  The  joints  were  then  filled  with  hot 
asphalt,  and  finally  a  course  of  pressed  brick  was  laid  flat  in  hydrau- 
lic-cement mortar,  forming  the  paving  and  flooring  of  the  bridge. 
The  work  is  nearly  thirty  years  old,  and  has  never  leaked  a  drop. 

Another  noticeable  instance  is  the  La  Salle  Street  tunnel  under 
the  Chicago  river,  the  arch  of  which  Avas  laid  with  asphalt  cement. 
The  tunnel  has  always  been  perfectly  dry ;  whereas  the  Washington 
Street  tunnel,  under  the  same  river,  the  arch  of  which  was  laid  in 
hydraulic  cement,  has  always  leaked  so  badly  that  at  times  the 
tunnel  cannot  be  used  at  all. 

For  the  purpose  of  preventing  dampness  in  cellars,  the  same  form 
of  construction,  using  two  thicknesses  of  bricks  dipped  in  asphalt 
while  hot,  and  separated  by  a  layer  of  asphalt,  is  entirely  successful. 

The  usual  method  of  covering  arches  with  a  continuous  sheet  of 
asphalt  is  not  always  successful,  as  there  is  an  unequal  contraction 
in  the  asphalt  and  the  masonry  with  which  it  is  in  contact,  which  re- 
sults  in  cracks.     By  using  asphalt  as  the   cement   between  heated 
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bricks,  this  difficulty   is  avoided,  since   the  contraction  in  a  single 
joint  is  almost  infinitesimal. 

A  special  form  ofdamj)  course  is  also  made  by  saturating  hemp, 
canvas  or  lolt-pupcr  with  a  mixture  of  asphalt  and  very  fine  sand. 

Of  the  use  of  asphalt  in  foundations,  two  very  interesting  ex- 
amjiles  are  given  by  \y.  H,  Delano,  in  a  paj)er  read  before  the 
English  Institution  of  Civil  Engineers  in  1880.  One  was  the 
foundation  of  a  rock-disintegrator,  running  at  a  high  rate  of  speed. 
It  was  first  built  upon  a  foundation  of  ordinary  concrete.  On  the 
opposite  side  of  the  street  was  an  establishment  for  painting  on 
glass  and  china,  where  fine  grades  of  work  were  rcrpiired.  The 
vibrations  from  the  disintegrator  were  so  great  that  the  business  of 
the  glass-painter  was  rendered  impossible.  He  threatened  suit  for 
heavy  damages,  whereupon  the  foundations  of  the  disintegrator 
were  removed  and  rebuilt  in  bituminous  concrete.  The  result  was 
entirely  successful,  the  vibrations  becoming  imperceptible.  The 
second  ca.se  was  the  foundation  of  a  large  trip-hammer,  weighing 
forty-five  tons,  which  was  erected  at  the  Paris  Exposition  of  1867. 
In  order  to  reduce  the  concussion,  this  was  built  in  bituminous  con- 
crete, and  with  entire  success.  At  the  close  of  the  Exposition,  the 
concrete  was  so  tough  that  it  was  found  impossible  to  make  any 
impression  on  it  with  a  pick  or  chisel.  As  blasting  was  not  per- 
mitted, the  foundation  had  to  be  left  in  position,  and  it  is  believed 
to  be  still  there. 

In  all  of  these  cases  the  concrete  was  made  from  the  mastic  cakes 
described  under  the  head  of  Bituminous  Limestones  in  the  preceding 
portion  of  this  paper.  The  proportions  were  60  per  cent,  of  broken 
stone  and  40  of  gritted  asphalt-mastic  (see  p.  7).  It  was  tamped 
between  wooden  frames,  secured  by  iron  cross-bolts,  and  these  bolts 
were  left  in  the  material.  An  equally  good  concrete  can  be  made 
with  asphaltic  paving-cement,  mixed  with  two  parts  of  sand  and 
four  parts  of  stone  in  an  ordinary  concrete-mixer.  It  is  believed 
that  such  a  concrete,  with  a  thin  facing  of  steel,  would  make  a  very 
tough  and  durable  wall  for  fortifications. 

Of  all  the  uses  made  of  asphalt  by  far  the  most  important  is  the 
paving  of  roadways. 

During  the  last  twelve  years,  upwards  of  3,500,000  square  yards 
of  genuine  asphalt  pavements  have  been  laid  in  the  United  States. 
They  extend  over  a  length  of  more  than  200  miles,  and  are  u.sed 
daily  by  probably  50,000  vehicles.  The  cubical  contents  of  the 
asphalt  surfaces  are  over  7,000,000  cubic  feet.     With  their  founda- 


ASPHALT    AND    ITS   USES.  367 

tions  of  concrete,  the  total  contents  are  nearly  23,000,000  cubic  feet 
and  weigh  a  niillion  and  a  half  tons.  The  great  pyramid  of  Cheops 
is  not  quite  four  times  as  large.  It  is  supposed  to  have  occupied 
the  labor  of  an  army  of  men  for  one  or  more  generations,  and  has 
been  the  wonder  of  the  world  throughout  recorded  history.  It  is 
significant  of  the  resources  of  the  nineteenth  century  in  mechanical 
appliances  that  an  equal  amount  of  material  could  now  be  handled 
in  a  few  years,  in  a  single  industry,  without  attracting  any  atten- 
tion. 

The  city  of  Buffalo  has  now  the  distinction  of  possessing  more 
asphalt  pavements  than  any  city  in  the  world,  though  the  combined 
area  of  the  asphalt  and  the  tar  pavements  in  Washington  is  still 
greater  by  about  50  per  cent.  The  area  of  asphalt  here  is  1,000,248 
square  yards,  extending  over  a  length  of  51  miles,  more  than  the 
combined  area  of  all  the  asphalt  roadways  in  Europe. 

The  form  of  construction  which  has  usually  been  followed  is  a 
rigid  foundation  of  ordinary  concrete,  six  inches  thick,  on  which  the 
asphalt  wearing-surface  is  placed.  In  some  instances,  the  founda- 
tion is  of  bituminous  concrete.  Each  form  of  foundation  has  its 
advantages  and  disadvantages.  The  ordinary  concrete  has  an  excess 
of  strength  for  the  purpose,  and  the  bituminous  concrete  is  doubtless 
strong  enough.  With  ordinary  concrete,  the  bond  between  the 
foundation  and  the  wearing-surface  is  not  very  great ;  hence,  it  is 
very  easy  to  strip  off  the  surface  in  case  repairs  are  necessary;  but, 
on  the  other  hand,  the  surface  sometimes  slips  on  the  foundation, 
and,  under  traffic,  rolls  into  waves  and  irregular  surfaces,  and  some- 
times cracks  with  sudden  and  great  changes  of  temperature.  With 
bituminous  concrete,  the  foundation  and  wearing-surface  are  united 
into  one  mass  and  cannot  easily  be  separated.  Repairs  are  more 
difficult,  but  waving  and  cracking  are  less  frequent.  The  bituminous 
concrete  is  less  expensive.  As  it  is  not  exposed  to  the  atmosphere, 
coal-tar  residuum  can  be  used  in  place  of  asphalt  as  the  cementing- 
material,  and  a  strong  concrete  can  be  easily  made  by  simply  spread- 
ing the  stone,  compacting  it  with  a  roller  and  pouring  hot  tar  over 
and  into  it.  It  is  not  generally  known  how  strong  such  a  concrete 
becomes  with  age.  As  an  example,  I  may  cite  a  case  which  fell 
under  my  notice  in  Washington  some  years  ago.  I  was  driving 
over  such  a  pavement  one  day,  when  I  noticed  a  small  hole,  about 
the  size  of  a  horse's  foot.  On  probing  it  with  a  cane,  I  discovered 
that  I  could  not  touch  the  bottom.  I  immediately  had  the  pave- 
ment opened,  and  was  astonished  to  find  a  cavity  about  twenty  by 
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forty  feet  in  extent  and  from  four  to  five  feet  deep.  The  earth  from 
this  had  been  washed  into  a  defective  sewer;  and  it  must  have  taken 
months,  if  not  a  year  or  more,  for  this  to  occur,  for  the  hole  in  the 
sewer  was  quite  small.  During  all  this  time,  the  pavement  was 
simply  a  concrete  arch,  six  inches  thick,  and  having  a  span  of  about 
twenty  feet;  and  yet  it  had  sustained  the  traffic  until  finally  a  horse 
broke  a  small  hole  in  it.  The  traffic  was  infrequent;  but  at  times 
heavy  ice  and  coal-carts  passed  over  it.  The  pavement  was  about 
ten  years  old. 

Whatever  the  form  of  foundation,  it  is  desirable  that  the  surface 
should  be  cemented  with  asj)halt  without  the  use  of  any  product  of 
coal-tar.  The  reason  for  this  has  already  been  given,  viz.:  that  the 
products  of  coal-tar  are  subject  to  oxidation  by  the  atmosphere, 
which  in  time  renders  them  brittle  and  friable  and  devoid  of  any 
cementing  qualities.  The  asphalt  of  Trinidad  is  not  subject  to  this 
defect,  for  the  reason  that  it  has  been  exposed  for  centuries  to  the 
burning  sun  of  a  tropical  climate,  and  the  atmosphere  can  have  no 
further  effect  upon  it.  It  is  a  stable  compound,  and  its  cementing- 
qualities  are  proof  against  any  atmospheric  influences.  I  am  aware 
that  one  of  the  pavements  in  Washington,  in  which  the  cementing- 
material  was  a  mixture  of  tar  and  asphalt,  has  proved  successful 
after  fifteen  years'  use.  But,  on  the  other  hand,  of  other  pavements, 
laid  by  the  same  parties,  at  the  same  time  and  under  the  same  speci- 
fications, some  had  to  be  resurfaced  with  asphalt  after  a  few  years' 
use,  and  others  are  now  in  a  deplorable  condition. 

With  the  asphalt  as  a  cement,  is  combined  the  proper  proportion 
(about  7  to  1  by  weight  or  4  to  1  by  volume)  of  fine,  sharp  sand, 
ranging  from  -^  to  y^^j^  of  an  inch  in  size.  The  two  materials  are 
thoroughly  incorporated  by  suitable  machinery  at  a  temperature  of 
about  300°  F.,  and  the  plastic  composition  is  taken  to  the  street 
while  still  hot,  spread  on  the  foundation  by  means  of  hot  iron  rakes 
and  compacted  by  tamping  and  rolling.  The  result  is  a  compact, 
durable  sand-stone  of  fine,  uniform  grain,  with  a  slightly  granular 
surface,  the  advantage  of  which  will  be  subsequently  referred  to. 
The  bituminous  nature  of  the  cement  makes  the  stone  somewhat 
elastic,  or,  more  properly  speaking,  ductile,  and  enables  it  to  resist 
the  heavy  blows  of  horses  and  wheels  without  breaking.  A  rigid 
pavement  of  Portland  cement-concrete,  recently  tried  in  New  York, 
lasted  just  five  months  before  it  was  removed.  The  first  holes 
appeared  in  three  weeks. 

Of  the  various  compositions  for  roofing  or  paving,  in  which  asphalt 
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or  coal-tar  residuum  is  the  cement,  the  name  is  legion.  A  digest 
of"  the  patents  for  these  compositions,  issued  about  twenty  years  ago, 
shows  several  hundred  of  them.  It  is  not  believed  that  any  of  these 
patents  had  any  value.  The  virtue  of  the  composition  depended  on 
the  quality  and  quantity  of  the  asphalt  or  the  tar  used,  and  all  the 
other  substances  introduced  (except  the  sand  which  formed  the  body) 
were  useless  or  worse.  In  the  asphalt  pavement,  the  specifications 
have  usually  called  for  a  certain  amount  of  powdered  limestone,  to 
be  mixed  with  the  sand.  This  w^as  used  mechanically,  not  chemi- 
cally, for  the  purpose  of  filling  the  voids  in  the  sand,  absorbing  the 
free  asphalt  in  the  voids  and  making  a  more  compact  and  homo- 
geneous compound.  All  of  this  can  be  accomplished  by  the  sand 
itself,  if  part  of  it  is  sufficiently  fine. 

I  have  referred  to  the  granular  surface  of  the  Trinidad  asphalt 
pavement.  The  importance  of  this  is  very  great  in  affording  a  foot- 
hold to  horses  and  diminishing  the  slipperiness  which  any  uniform 
surface  must  have  to  a  greater  or  less  degree.  By  passing  the  finger 
over  two  samples,  one  of  the  natural  bituminous  limestone  (or  French 
asphalt)  pavement  and  the  other  of  the  artificial  bituminous  sand- 
stone (or  Trinidad  asphalt)  pavement,  the  difference  is  very  notice- 
able. It  is  the  difference  between  fine  sandpaper  and  polished 
marble.  The  difference  in  practice  was  shown  by  careful  compara- 
tive tests,  made  in  the  autumn  of  1885,  on  two  pieces  of  the  respec- 
tive pavements  on  the  same  street  in  New  York.  Out  of  a  total  of 
over  36,000  horses  passing  in  six  days,  5  fell  on  the  Trinidad  asphalt 
(sandstone)  and  95  on  the  French  a.sphalt  (limestone).  A  series  of 
comprehensive  tests  was  made  at  the  same  time  on  different  pave- 
ments in  various  cities  in  the  United  States,  which  showed  that 
under  all  conditions  of  weather  and  climate  fewer  horses  fell  on 
asphalt  than  on  stone  pavements,  confirming  the  result  of  similar 
tests  previously  made  by  Colonel  Haywood  on  the  streets  of  London. 

The  pavements  which  I  have  just  described  are  not  the  only 
pavements  in  which  asphalt  is  used.  Having  an  unbroken  mono- 
lithic surface,  they  (in  common  with  the  pavements  having  a  similar 
surface,  in  which  coal-tar  is  used  as  the  cemeuting-material)  have 
sometimes  been  called  "  sheet  "-pavements,  to  distinguish  them  from 
"block  "-pavements  made  of  asphalt.  The  latter  are  made  of 
crushed  limestone,  in  size  from  ^  inch  to  dust,  mixed  with  10  per 
cent,  of  asphalt-cement.  As  the  mixture  leaves  the  mixing-appa- 
ratus, it  passes  into  a  press  not  unlike  a  brick-machine,  and  is  there 
moulded   and   compressed  into   blocks  4x5x12  inches  in  size. 
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These  blocks  arc  cooled,  and  can  then  be  handled  at  any  ordinary 
temperatures.  They  are  laid  on  the  street,  in  the  same  manner  as 
stone  blocks  or  bricks,  to  form  a  pavement.  They  have  the  advan- 
tage over  any  monolithic  or  "sheet "-pavement  of  being  made  at  a 
factory,  whence  they  can  be  transported  to  the  point  where  required, 
and  laid  by  ordinary  pavierswitiiout  the  aid  of  skilled  labor;  whereas, 
sheet-pavements  require  special  machinery  and  skilled  labor  in  each 
city  where  they  are  laid.  The  as|)haltic  blocks  are  also  much 
smoother  and  less  noisy  than  stone  l)lock-pavements,  and  they  are 
practically  water})roof,  because  the  joints  are  so  narrow  that,  under 
the  sun's  heat  and  the  traffic,  the  asphalt  cements  the  blocks  to- 
gether. On  the  other  hand,  tliey  are  less  durable  than  the  other 
pavements  named. 

It  has  been  found  impossible  to  use  sand  in  the  manufacture  of 
these  blocks, as  it  cuts  the  moulds.  Hence,  limestone  is  used  to  form 
the  body  of  the  block;  and  this  wears  rapidly  under  heavy  traffic. 
On  residence-streets,  however,  where  travel  and  traffic  are  light, 
they  have  given  great  satisfaction  ;  and  more  than  500,000  square 
yards,  or  about  25  miles  of  them  have  been  laid  during  the  last  ten 
years. 

In  conclusion,  I  trust  it  will  not  be  considered  out  of  place  if  I 
call  attention  very  briefly  to  some  of  the  merits  of  asphalt-pavements 
and  their  effects  upon  cross-city  transportation.  I  shall  not  s|)eak 
of  the  comfort  of  driving  over  a  smooth  uniform  surface,  or  of  the 
advantage  to  health  of  a  |)avement  which  has  no  joints  to  collect 
street-manure  when  it  rains,  and  then  blow  it  into  our  lungs  with 
the  next  sunshine  and  breeze,  or  of  the  saving  of  wear  and  tear  on 
the  nervous  system  by  getting  rid  of  the  "mighty  roar"  of  stone 
pavements.  These  considerations  are  quite  w-ell  understood,  and  it 
is  generally  considered  that  an  asphalt  pavement  is  an  agreeable 
luxury  for  residence-streets.  It  is  not  so  well  known  that  the  cost 
of  maintenance  is  a  mere  function  of  traffic,  and  that  where  the 
traffic  is  heavy  and  the  cost  of  maintenance  apparently  large,  the 
corresponding  saving  in  traction-force  and  in  wear  and  tear  of 
vehicles  is  still  greater.  The  statistics  and  figures  necessary  to  estab- 
lish this  fact  are  too  long  and  complicated  to  be  given  here.  But  it 
is  susceptible  of  direct  proof  that  if  we  count  the  cost  of  paving  any 
large  city,  like  New  York,  for  example,  with  asphalt,  and  maintain- 
ing it  at  the  cost  shown  by  years  of  experience  under  varying  weights 
of  traffic,  and  then  count  the  saving  in  the  cost  of  transportation  and 
wear  and   tear  of  vehicles,  it  will    be  conclusively  shown   that  the 
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saving  effected  is  very  nearly  three  times  the  cost.  This  will  not 
appear  so  remarkable  when  it  is  remembered  that  the  transportation  ' 
through  the  streets  of  New  York  is  something  over  40,000,000  ton- 
miles  per  annum,  costing  over  §15,000,000,  and  that  the  repairs  of 
30,000  vehicles  and  the  shoeing  of  its  40,000  horses  cost  nearly 
$4,000,000  in  addition  per  annum. 

The  force  that  draws  one  ton  over  a  stone  block-pavement  can 
draw  three  tons  over  asphalt,  and  the  cost  of  repairs  of  vehicles 
and  horses  can  be  reduced  about  one-quarter  by  the  use  of  smooth 
pavements.  The  saving  thus  effected  in  both  directions  runs,  as  will, 
be  seen  at  a  glance,  into  the  millions  of  dollars  per  annum.  When 
these  facts  come  to  be  more  widely  known,  it  is  not  improbable  that 
smooth  pavements  will  cause  a  revolution  in  the  methods  and  cost 
of  transportation  within  cities,  second  only  in  importance  to  the 
change  effected  by  railroads  in  transportation  between  them. 

Discussion. 
W.  H.  Delano,  London  (condensed  from  a  communication  to 
the  Secretary) :  Capt.  Greene  says  that  asphalt  is  a  synonym  for 
native  bitumen.  It  may  have  been  so  at  the  time  Noah's  Ark  was 
built,  precision  in  technical  terms  being  then  comparatively  un- 
necessary ;  but  Mr  Malo's  nomenclature  is  now  generally  received. 
It  has  no  disadvantage,  technical  or  scientific,  and  to  change  it  for 
the  behoof  of  the  United  States  alone  would  be  inconvenient.  It 
was  in  France  that  the  natural  product  of  fine-grained  limestone 
impregnated  with  pure  native  bitumen,  called  by  Malo  Seyssel 
asphalt,  was  first  used, — in  a  liquid  form  for  footpaths, — long  before 
Malo's  time.  The  latter  material  was  then  erroneously  called  ^'bifarne,^' 
and  that  is  what  the  Parisian  architects  call  it  still — those  who 
know  no  better.  After  this  liquid  asphalt  had  got  well  into  use, 
M.  Polonceau  analyzed  it  and  propounded  the  theory  that  it  could 
be  produced  artificially,  which,  however,  has  never  yet  been  proved. 
Then  contractors  began  to  make  mastic  with  gas-tar,  fire-clay  and 
chalk,  which  mixture,  being  so  much  cheaper  than  asphalts  from 
the  mines,  with  carriage  to  pay  and  natural  bitumen  to  use  as  a  flux, 
nearly  drove  real  asphalt  from  the  market.  A  name  was  necessary 
for  this  material.  It  was  called  "  bitumefaGtice,"  or  simply  "  factice.^' 
Afterwards  came  the  entirely  new  application  of  compressed  asphalt 
for  roadways;  the  name  given  to  that  was  "asphalt  comprime." 
Again,  as  the  trade  increased,  it  was  found  that  the  word  "  b  if  nine" 
caused  confusion  ;  so  that  tiiis  term  came  to  be  applied  to  pitch  alone. 
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The  nomenclature  is,  and  has  been  for  five  and  twenty  years,  as 
follows : 

1.  Asphalt  rock,  for  Oolite  limestone  naturally  impregnated  with 
bitumen. 

2.  Coiiiprrssed  asphalt,  used  for  roadways. 

3.  Asphalt-mastic,  for  the  bloeUs  (as  sold  in  the  trade). 

4.  Gritted  asphalt-mastic,  for  footpaths. 

5.  Refined  bitumen,  for  mineral  j)iteh  from  Trinidad  or  elsewhere. 
Of  late  years  people  have  tried  to  find  a  substitute  for  compressed 

asphalt  in  an  artificial  compound  of  Trinidad  pitch,  fine  sand  and 
powdered  limestone;  the  most  successfid  form  being  "  Grahamite" 
or  Barber's  asphalt,  so-called.  This  should  be  called  Barber's  bitu- 
minous compound.  It  has  several  congeners  in  Europe ;  for  instance, 
the  production  of  Dietrich  of  Berlin  and  Farrington  of  Paris,  etc., 
none  of  which  liave  made  any  way  on  the  continent. 

Although  the  artificial  compound  known  as  Barber's  may  be  less 
smooth  than  compressed  Seyssel,  Sicilian,  or  Val  de  Travers  asphalt 
to  the  touch,  it  is  just  as  slippery  in  muddy  weather.  In  fact,  asphalt 
per  se  is  not  slippery,  it  is  the  greasy  mud  on  the  surface  in  drizzly 
weather  which  causes  horses  to  slip,  and  which  should  be  washed  off 
or  neutralized  by  strewing  sand.  Some  7800  square  meters  (9729 
square  yards)  of  Barber's  compound  were  laid  in  the  Rue  de  Rivoli, 
Paris,  in  October,  1886.  Not  a  square  inch  of  it  remains;  it  was 
relaid  al)out  four  times,  but  could  not  resist  the  traffic.  The  result 
in  Berlin  is  the  same.  Wear  begins  on  this  material  as  soon  as  it  is 
laid,  by  reason  to  the  large  proportion  of  sand,  and  the  fact  that  it 
is  a  sort  of  half-mastic.  It  is  as  hard  at  the  bottom  as  at  the  top; 
whereas  natural  as{)halt  is  always  harder  at  the  surface,  even  when 
but  half  an  inch  thick.  Of  course,  natural  asphalt  wears,  too;  but 
it  stands  some  of  the  heaviest  traffic  in  the  world.  It  should  not, 
however,  be  u.sed  on  a  grade  of  more  than  1  in  30. 

Capt.  Grekne  (communication  to  the  Secretary) :  As  to  my 
definition  of  asphalt,  to  which  Mr.  Delano  objects,  I  beg  leave  to 
refer  to  the  Encyclopcedia  Britannica,  Appleton's  Americnn  Ci/clo- 
j)cedia,  Chamber's  Ci/clopeedia,  the  Imperial  Dictionary,  Worcester's 
Dictionary,  Watt's  Dictionary  of  Chemistry,  Ure's  Dictionary  of 
Arts,  Brande  &  Cox's  Dictionary  of  Arts,  Rumpf  and  Mothe's  Dic- 
tionnaire  Technoloe/ique,  Larousse's  Dictionnaire  Universel,  Boussig- 
nault's  Annalea  de  (Jhimie,  Dana's  Mineralogy  and  Geology,  and  all 
other  standard  authorities,  each  and  every  one  of  which  says  practi- 
cally the  same  thing,  defining  asphalt  to   be   "native   bitumen," 
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"mineral  pitch,"  "solid  bitumen,"  "a  compact  kind  of  bitumen," 
'^  le  bitume  solide  cest  le  veritable  aspha/te,"  ov  other  synonymous 
words;  and  each  of  which  also  cites  the  Trinidad  "hike  "as  the 
principal  known  deposit  of  asphalt. 

Against  these  authorities  stand  alone  INIr.  Malo,  Mr.  Delano,  and 
a  few  others  interested  with  them  in  the  Seyssel  mines,  telling  us 
that  as])halt  means  a  certain  kind  of  limestone  containing  a  certain 
specified  amount  of  bitumen.  This  is  not  vindicating  scientific 
accuracy  ;  it  is  merely  fighting  for  a  trade-mark.  In  the  definitions 
of  the  preceding  paper,  I  have  naturally  followed  the  standard 
authorities. 

As  to  the  relative  durability  of  pavements  made  from  bituminous 
limestones  and  those  made  from  Trinidad  asphalt,  whatever  the 
experience  may  have  been  in  Europe,  experience  in  America  shows 
that  the  latter  are  the  more  durable.  The  pavements  made  from 
bituminous  limestone  (Neuchatel  rock),  which  were  laid  on  portions 
of  Fifth  Avenue  and  Liberty  Streets  in  New  York,  wore  out  after 
a  few  years,  and  have  been  replaced  with  Trinidad  asphalt  pave- 
ment. Plans  are  now  being  made  for  a  similar  replacement  during 
the  present  season  of  the  Neuchatel  asphalt-rock  pavement  on 
Pennsylvania  Avenue  in  Washington.  These  comprise  nearly,  if 
not  all,  the  samples  of  such  pavements  laid  on  roadways  in  the 
United  States. 
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BY  G.  C.  IIEWETT,  GLENWOOD  SPRINGS,  COL. 

(Buffalo  Meeting,  October,  1888.) 

This  portion  of  the  State,  being  the  northern  half  of  its  Pacific 
slope,  is  drained  by  four  rivers,  the  Gunnison,  Grand,  White  and 
Yampa  or  Bear,  which,  with  the  Green,  flowing  south  from  Wyom- 
ing, unite  to  form  the  Colorado,  These  streams,  fed  by  the  snows 
of  the  Rocky  Mountains,  fall  from  an  altitude  of  10,000  to  12,000 
feet,  at  their  sources,  to  4000  feet,  at  the  confluence  of  the  Grand 
and  Green  in  Utah,  near  the  State  line. 

This  area,  about  150  miles  square,  was  the  sceneof  great  develop- 
ment in  the  periods  subsequent  to   the  Carboniferous ;  but  earlier 
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formations  luive  meagre  rei)reseiitatioii.  The  whole  geological  sec- 
tion is  torn  and  contocted  in  every  period  up  to  the  most  recent,  by 
the  movements  that  made  the  Continental  divide  and  many  outlying 
peaks  and  high  plateaux. 

A  single  instance  may  serve  to  illustrate  the  extent  of  this  action. 
The  Silurian  limestones  are  liftetl  and  partially  eroded  to  form  a 
plateau,  fifty  miles  across,  between  the  Grand  and  White  Rivers, 
3000  to  5000  feet  above  their  level  and  fifty  miles  west  of  the 
Range. 

The  direction  of  all  these  rivers  was  determined  by  anticlinal 
cracks  or  fissures,  since  eroded  to  cuiions  of  2000  to  3000  feet  in 
depth.  These  streams  and  their  tributaries  show  abundant  evidence 
of  glacial  action,  to  which  is  largely  due  the  extent  of  the  arable 
land  in  u[)per  benches  and  mesas. 

Until  1882  nearly  all  this  area  belonged  to  the  Ute  Indians. 
Hence  the  climate  is  not  accurately  known  from  systematic  and  con- 
tinuous meteorological  records  ;  but  it  is  probable  that  the  rainfall 
at  the  same  altitudes  is  15  to  20  per  cent,  greater  than  on  the  east- 
ern side  of  the  Kange,  or,  in  other  words,  not  far  from  18  inches 
per  annum.  Since,  however,  much  the  greater  part  of  this  is  in 
snow,  the  rivers  remain  at  flood  during  July  and  furnish  water 
for  irrigation,  whicli  the  raj)id  descent  of  the  streams  makes  inex- 
pensive. The  paucity  of  rainfall  has  allowed  the  accumulation  of 
vegetable  mould  and  the  gradual  melting  of  the  snow  nourishes  an 
abundan(;e  of  natural  grasses,  which  are  cured  by  the  dry  summer 
and  autumn. 

Where  the  Carboniferous  measures  are  exposed,  they  have  been 
crushed  and  twisted  between  the  heavy  limestones  and  quartzites 
below  and  the  enormous  Jura-Trias  above,  and  though  they  contain 
coal,  it  is  extremely  unlikely  that  any  of  it  possesses  commercial 
value. 

The  Jura-Trias  red  sandstones  are  3000  to  5000  feet  thick,  and 
their  fractures  have  cafioned  all  the  streams  of  the  Piedmont  region 
at  least  once  in  their  course.  On  top  of  these,  separated  by  the 
Atlantasaurus  sliales,  is  the  Dakota  sandstone,  a  very  prominent 
ledge,  50  to  100  feet  thick. 

In  this  sandstone  is  the  horizon  of  a  coal-seam  that  may  be  of 
value  between  the  White  and  Yampa  rivers  and  elsewhere. 

Above  this  ledge  are  1500  to  2500  feet  of  Colorado  shales,  that, 
when  up-turned,  are  easily  eroded,  and  have  formed  a  chain  of  parks 
below  the  coal-measure  sandstones. 


THE    NORTHWESTEKX   COLOKADO   COAL-REGION.  377 

The  productive  Cretaceous  coal-measures  are  700  to  1200  feet 
thick  and  contain  two,  possibly  three,  series  of  cotd-seams. 

Above  tlie  coal,  the  softer  sandstones  and  shales  of  the  Post-Cre- 
taceous, about  1000  teet  thick,  have  usually  been  eroded  to  gentle 
slopes. 

Over  the  larger  part  of  tlie  basin,  the  section  is  increased  by  at 
least  3(.00  feet  of  Tertiary  measures,  containing  some  petroleum 
shales  that,  when  fresh,  yield,  on  heating,  considerable  vapor. 

Since  the  region  was  outlined  by  the  fractures  that  determined  the 
courses  of  the  rivers,  many  basaltic  overflows  have  occurred  ;  and, 
as  these  cap  all  the  geologically  and  topograpiiically  high  ground,  it 
is  probable  that  the  whole  basin  was  so  covered.  In  the  bed  of  the 
Eagle,  above  its  junction  witli  the  Grand,  is  a  lava-flow  so  recent 
that,  though  the  bed  of  the  stream  was  changed  by  it,  the  edge  is 
almost  intact,  and  the  adjoining  partially  vitrified  shale  has  not 
been  eroded. 

The  coal-measures  underlie  most  of  this  region  in  two  great  fields; 
one  extending  from  the  north  side  of  the  drainage-basin  of  the  Gun- 
nison  to  the  southern  watershed  of  the  Yampa,  with  the  eastern  and 
northern  outcrops  thrown  up  to  30°  to  90°  and  the  southern  flat ; 
the  other  a  part  of  the  Green  River,  AVyoming,  field,  extending  into 
this  State  about  40  miles  on  the  Upper  Yampa  river. 

As  far  as  observed,  these  coal-seams,  where  unchanged  by  flexure 
with  consequent  heat  and  pressure,  carry  a  lignite  containing  from  5 
to  20  per  cent,  of  water ;  so  that  it  is  probable  that  the  better  coals 
will  be  found  only  on  the  narrow  east  and  north  margin  where  the 
pitch  averages  45°.  In  the  southeastern  corner  of  the  field,  on  the 
headwaters  of  tjie  Gunnison,  the  seams  are  horizontal,  but,  being  in 
narrow  and  detached  patches,  have  been  locally  metamorphosed  so 
that  in  four  miles  the  same  seams  are  anthracite,  coking  and  dry 
coal. 

Going  north  from  this  point,  anthracite  is  found  in  patches  high 
on  the  sides  of  Mount  ^lareellina  and  the  Ragged  mountains.  The 
last  peak  of  the  latter.  Chair  mountain,  carries  on  its  northern  slope 
from '9000  ftet  altitude  to  10,000  feet  a  tongue  of  outcrop  that  is 
proved  to  be  anthracite.  Two  seams  onl}'  of  the  lower  series  are 
left  from  erosion,  and  but  one  is  possibly  of  workable  thickness. 

Five  miles  north,  on  the  opposing  pitch,  the  seams  come  up  on 
Rock  creek  as  coking  coal ;  from  here  the  outcrop  turns  to  the  west 
around  the  topographical  basin  of  Coal  creek,  caused  by  the  protru- 
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sioii  and  erosion  of  the  Colorado  shaU'S,  the  coal-tneasure  sandstones 
dippint::  outwards  in  clifl's  1000  to  2000  foot  high.  In  this  basin, 
the  coals  arc  oxtronioly  fat,  and  prodncoa  hard,  bright  sonorous  coke. 

Going  north  fntin  this  disturbance  half  a  inilo,  the  measures  again 
dip  to  the  west  under  the  influence  of  the  Ibid  that  made  the  anticlinal 
valley  of  Rock  creek  and  Koaring  l'\)rk,  and  continue  so  for  23 
miles  northward  to  the  Grand  River,  at  an  average  pitch  of  45° 
and  as  a  ridge  a  thousand  feet  higher  than  the  jjarks  of  the  Colorado 
shales  to  the  east. 

This  stretch  of  outcrop,  intrinsically  a  most  valuable  jiart  of  the 
field,  is  cut  by  three  streams  that  can  be  used  by  railway  lines,  viz.  : 
at  six  miles  from  the  basin  by  one  fork  of  Thompson  creek  ;  one 
mile  further  by  another;  and  six  miles  north  by  Four  Mile  creek. 
All  these  gaps  have  an  altitude  of  about  8000  feet,  necessitating 
eight  or  ten  miles  of  4  \)QV  cent,  grade  to  get  up  to  them  from  the 
Roaring  Fork  valley,  with  an  altitude  of  about  6000  feet. 

About  opposite  Glenwood  Springs  the  measures  come  under  the 
influence  of  the  great  uplift  of  the  AVhite  River  i)lateau  to  the  north, 
around  which  they  describe  a  wide  circle  for  sixty-nine  miles,  and, 
standing  at  50°  to  90°,  are  known  as  the  Great  Hogback. 

In  that  distance  the  coal-measures  are  accessible  at  eight  gaps; 
but  the  conditions  have  nowhere  been  such  as  to  produce  a  coking 
coal. 

Sixteen  miles  northeast  of  the  White  River  gap,  at  Meeker,  under 
the  erosion  of  the  Yampa  valley,  the  outcrop  has  lost  the  influence 
of  the  plateau,  and  is  flat,  with  a  western  direction  for  thirty-two 
miles.  Here  the  influence  of  the  Blue  INIountain  uplift  is  felt,  and 
the  outcrop  is  bent  to  the  south  for  twelve  miles  to  t\\e  White  river; 
thence  it  follows  the  foothills  as  a  hogback  to  the  State  line,  a  dis- 
tance of  thirty-four  miles  in  a  westerly  course  with  but  two  gaps. 
Near  the  State  line  and  just  south  of  this  hogback  on  White  river, 
at  the  mouth  of  Douglas  creek,  there  is  an  upheaval  similar  to  that 
of  Coal  Basin,  but  of  less  violence,  and  without  the  conditions  to 
change  the  character  of  the  coal  from  dry  to  coking. 

The  geographically  valuable  parts  of  this  200  miles  of  outcrop 
are  the  eastern  and  western,  and  most  of  the  intrinsically  valuable 
coal  is  in  the  southern  ten  or  fifteen  miles. 

The  southern  outcrop  of  this  field  begins  on  the  headwaters  of  the 
north  fork  of  the  Gunnison,  a  few  miles  west  of  Coal  Basin,  where 
the  beds  arc  flat  and  the  erosion  great ;  thence  following  that  river, 
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receding  as  it  falls,  it  crosses  the  Grand  15  miles   above   their   con- 
fluence and  takes  its  direction  into  Utah. 

In  this  field,  as  elsewhere  in  the  State,  the  Halymenites  sandstone 
is  the  only  datum  that  a])proaches  persistency.  It  varies  from  a 
compact,  hard,  white  sandrock  to  a  coarse,  sandy  shale,  and  over 
thirty  miles  of  the  southeastern  outcrop  the  fossil  bed  on  top  of  it  is 
quite  persistent.  But  it  is  not  always  the  base  of  the  coal-measures. 
At  one  place,  west  of  the  Grand,  there  are  two  seams  of  workable 
size  below  it.  In  fact  all  the  measures  of  the  section  lack  persis- 
tency;  and  beyond  a  liability  of  recurrence  of  two  lieavy  sandstones 
enclosing  the  upper  series  of  beds,  a  section  in  one  gulch  shows  no 
resemblance  to  the  next  one  a  couple  of  miles  away.  There  is  no 
limestone  in  the  measures,  though  many  of  the  sandstones  are  im- 
pregnated with  lime  and  gypsum. 

The  150  to  200  feet  of  sandstones  and  shales  above  the  Haly- 
menites sandstone  always  contains  two  and  often  three  or  four  work- 
able seams  ;  and  occasionally  two  or  more  come  together  and  form  a 
large  and  usually  dirty  seam. 

Thorough  prospecting  on  ten  miles  of  outcrop,  north  of  Thomp- 
son creek,  has  shown  that  no  seam  remains  workable  in  size  a 
greater  distance  than  two  miles,  and  usually  not  half  that  distance. 
All  the  seams  except  one  (and  that  worthless)  are  nearly  as  variable 
in  character  and  marking  as  in  size.  These  facts,  with  a  cross-fault- 
ing every  4000  to  6000  feet  of  from  30  to  275  feet,  make  it  difficult 
to  say  which  of  these  beds  are  main  seams  and  which  splits. 
AVhether  the  upper  part  of  the  measures  should  be  divided  is  not 
certain.  In  many  places  there  are  two  distinct  horizons  at  which 
seams  recur;  but  at  three  points  of  economical  importance  consider- 
able prospecting  disclosed  but  one,  at  six  hundred  feet  above  the 
lower  series.  Development  there  shows  that  this  series  is  more  ir- 
regular and  patchy  than  the  lower  series. 

It  seems  altogether  probable  that  the  break  throwing  up  the  out- 
crop occurred  near  the  margin  of  the  original  field  of  deposition, 
because  the  size  and  number  of  the  measures  is  greater  where  the 
erosion  has  been  further  from  that  line. 

All  the  seams  are  coking  coal  from  Coal  Basin  north  twelve  miles, 
or  about  six  miles  either  May  from  a  point  oj>posite  to  Sopris  peak, 
six  miles  distant  and  the  termination  of  the  Elk  mountains,  a  spur 
of  the  main  range.  This  peak  retains  an  altitude  of  12,800  feet.  It 
is  a  granitic  outbreak,  the  center  of  four  radiating  anticlinal  valleys; 
and  the  heat  from  it  may  have  been  directly  or  indirectly  the  cause 
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of  the  eokinti;  quality  of  tiie  coal-seams,  they  are  certainly  most 
"  fat"  immediately  opposite  it,  ami  around  the  Coal  Basin  upheaval. 
Also  the  lower  coals  are  the  fatter. 

On  the  northern  edge  of  this  influence  half  a  mile  of  develop- 
ment shows  a  gradual  change  from  a  good  coking  coal  with  patches 
of  dry  coal  to  a  dry  coal  that  with  ordinary  bee-hive  treatment  will 
barely  agglutinate.  In  another  half-mile  the  same  seam  is  dry.  In 
this  transition  area,  a  small  cross-fault  makes  the  coal  fat  for  twenty 
or  more  feet  on  either  side.  The  dry  seams  also  present  wide  chemi- 
cal and  physical  changes  in  short  distances;  a  soft  and  loosely- 
bedded  coal  has  in  a  hundred  feet  become  compact  and  hard  without 
the  intervention  of  a  fault.  A  couple  of  hundred  feet  has  reduced 
the  water  of  combination  from  12  to  5  per  cent.  In  seams  of  coal 
free  from  binders  of  slate  or  bony  coal,  the  squeezing  daring  up- 
heaval has  obliterated  the  cleavao;e  and  often  the  beddino;. 

The  floor  and  roof  of  the  seams  are  generally  more  or  less  shelly 
clay  slate  that  slacks  and  crumbles  on  exposure.  These  facts,  to- 
gether with  the  pitch,  make  mining  difficult ;  and  extensive  develop- 
ment will  demand  the  modification  of  any  systems  now  in  use  in 
the  United  States. 
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BY  WILLIAM  B.  POTTER,  ST.  LOUIS,  MO. 

(Presidential  Address  at  the  Buffalo  Meeting,  October,  18SS.) 

We  have  come  together  on  this  occasion,  as  so  often  before  the 
members  of  the  Institute  have  met  in  friendly  council,  to  hear  and 
discuss  whatever  investigation,  observation,  and  experience  during 
the  past  months  may  have  developed  of  value  or  interest  to  the 
many  departments  of  knowledge  and  practice  represented  in  this 
association.  The  member,  possessed  of  the  true  scientific  spirit 
which  this  Institute  is  especially  intended  to  foster,  brings  here  the 
results  of  his  experience  and  study  unrestrained  by  fear  of  giving 
undue  advantage  to  competitor  or  rival.  He  appreciates,  moreover, 
the  responsibilities  of  membership  and  his  duty  to  the  cause,  and 
how  much  is  to  be  gained  by  himself  from  the  keen  but  friendly 
criticism  of  his  fellow-workers  and  even  by  the  suggestions  that  may 
come  of  shrewd  question  or  chance  remark  from  those  who  labor  in 
other  but  related  fields. 
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On  the  more  formal  occasion  of  the  annual  meeting  the  presiding 
officer,  in  giving  place  to  his  successor,  after  a  year  of  attention  to  a 
great  extent  directed  from  the  narrower  limits  of  his  own  specialty 
to  the  more  general  field  of  the  profession  and  the  larger  interests  of 
the  Institute,  contributes  the  results  of  his  observation  from  this 
vantage  ground  and  points  to  the  tendency  of  progress  or  the  de- 
mands for  special  effort. 

But  it  is  not  alone  to  written  paper  and  formal  discussion,  council 
meeting  or  address,  that  the  value  of  these  gatherings  is  due.  There 
are  the  benefits  that  come  of  personal  contact  with  fellow-members 
and  the  quiet  exchange  of  experience  and  thought;  the  opportuni- 
ties for  observation  of  varied  practice  and  conditions;  the  closer 
relations  of  Institute  and  member  with  leading  workers  and  the 
important  interests  of  the  land — and  with  all  these  there  are  the  in- 
formalities of  excursion  and  the  good  things  given  and  taken  on 
convivial  occasions  to  brighten  the  more  serious  hours  and  give  a 
relish  to  the  whole. 

For  each  and  all,  then,  there  may  be  found  in  these  several  meet- 
ings of  the  year  some  call  of  duty,  some  benefit  to  be  gained. 

Impressed  with  a  sense  of  the  responsibilities  of  the  position  with 
which  I  have  been  honored  and  the  duty  of  calling  attention  to 
whatever  opportunities  may  be  offered  for  advancing  the  interests 
of  the  profession — mindful,  too,  of  the  benefits  which  your  sugges- 
tion and  criticism  are  sure  to  bestow,  I  venture  to  present  in  a  some- 
what informal  manner  on  this  occasion  a  subject  which  seems  to  me 
worthy  of  your  interest  and  consideration. 

During  the  eighteen  years  of  its  existence  there  has  been  no  one 
subject  which  has  so  much  engaged  the  attention  of  the  American 
Institute  of  Mining  Engineers  as  that  of  technical  education.  It 
has  furnished  material  for  many  a  paper  and  served  as  text  for  Pres- 
idential addresses  not  a  few,  besides  calling  for  special  committee 
report  and  joint  discussion  with  other  and  kindred  associations.  The 
extent  to  which  this  subject  has  been  considered  is  not  only  a  proof 
of  its  vast  importance,  but  an  evidence  of  the  earnest  interest  with 
which  it  is  regarded  by  the  members  of  the  profession,  those  occu- 
pied with  the  absorbing  cares  of  business  life  as  well  as  those  en- 
gaged in  professional  work  or  duties  directly  connected  with  technical 
education  itself  Surely  it  argues  well  for  the  increasing  prosperity 
and  usefulness  of  the  Institute,  and  the  advancement  and  elevation 
of  the  interests  it  seeks  to  foster  when  the  great  representative  body 
of  experienced  and  active  workers  of  the  profession  exhibit  such  a 
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regard  for  the  trainiiii;  and  dcvelopinent  of  those  who  are  entering 
upon  the  work  and  who  must  be  responsible  for  the  honor  and 
achieveuK'nts  of  (Mir  calling  hereafter. 

To  appreciate  the  vast  strides  that  have  been  made  in  this  country 
in  providing  greater  opjwrtunities  and  better  methods  for  the  tech- 
nieal  training  of  engineers  one  has  only  to  examine  the  earlier 
l)aj)ers  on  this  snbjictt  in  onr  Transactions  and  conij)are  the  crude 
and  limited  conditions  therein  presented  with  the  facilities  now  af- 
forded and  so  well  set  forth  in  a  late  address  from  a  past  President 
of  this  Institute  on  American  mining  schools.  From  an  absolute 
dependence  in  the  early  days  upon  foreign  schools  and  foreign 
methods,  and  the  crude  beginnings  in  this  country  in  later  times — 
when  rough  lecture  notes  and  ancient  diagram,  a  limited  routine  in 
chemical  laboratory,  and  cool  recej)tion  at  shop,  and  nnne,  and  fur- 
nace-plant were  dealt  out  to  the  youth  who  sought  the  training  of 
an  engineer — we  have  come  to  the  improved  equipment  and  more 
searching  methods  of  the  present  day.  The  working  drawing  is 
now  ))roduced  and  studied  in  detail,  the  training  of  the  shop  is  an 
essential  of  the  course,-the  laboratory  affords  not  only  a  grounding 
in  the  principles  of  chemistry  and  physics,  but  experience  as  well  in 
the  practical  application  of  these  to  commercial  operations,  and  in- 
cludes within  its  scope  the  test  and  trial  of  the  metallurgist's  pro- 
cess and  apj)liance,  and  of  the  materials  and  mechanisms  relating  to 
engineering  art.  Field  work  and  summer  school  give  backing  to 
the  theories  of  lecture  room.  Ability  to  do  as  well  as  learn  is  be- 
coming more  and  more  the  test  of  fitness  for  professional  degree. 

But  although  so  much  has  been  accomplished,  there  is  much  that 
remains  to  be  done.  The  tireless  energy  and  restless  activity  of  the 
present  age  are  constantly  making  new  and  more  exacting  demands. 
The  specialization  that  marks  development  in  all  knowledge  and 
effort  calls  for  a  still  greater  division  of  labor  if  the  work  is  to  be 
well  done. 

The  engineer  of  the  past  generation  was  to  a  great  extent  a  gen- 
eral practitioner,  called  upon  to  undertake  all  cases  within  the  wide 
range  of  the  profession,  for  the  knowledge  demanded  was  .compara- 
tively superficial,  and  the  practice  limited  to  a  few  set  forms  of 
treatment.  He  has  now  given  place  to  a  multitude  of  specialists 
spurred  on  to  secure  new  and  greater  developments  in  s|)ecial  lines 
of  the  profession,  by  an  uncompromising  competition  and  the  host 
of  new  facts  and  their  applications  which  a  crowd  of  investigators 
and  inventors  are  constantly  pouring  upon  the  world. 
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The  development  of  technical  training  to  meet  these  ever  new 
and  more  exacting  demands  must  keep  pace  with  that  of  practice 
and  profession,  or  education  will  be  looked  upon  in  the  future,  as  it 
has,  not  without  some  reason,  often  been  regarded  in  the  past,  as  the 
study  of  ancient  history  likely  to  swell  the  head  of  the  youthful 
victim  rather  than  enable  it  to  direct  a  ready  hand.  To  secure  such 
wise  and  timely  development  as  new  exigencies  demand  requires  the 
untiring  and  united  effort  of  every  one  concerned.  To  the  labors 
of  the  technical  guide  and  instructor  must  be  added  the  encourage- 
ment and  means  of  obtaining  keen  ]»ractical  insight  which  the 
actual  workers  can  so  well  supply,  and  with  these  must  go  the  ma- 
terial sui)iiort  and  assistance — fitting  tributes  from  such  as  have 
been  blessed  in  their  endeavors  and  more  or  less  indebted  to  the 
work  of  the  engineer. 

It  is  not,  however,  for  the  purpose  of  discussing  the  general  sub- 
ject of  technical  education  that  1  would  detain  you  on  this  occasion 
— important  though  that  sui)ject  is,  and  of  such  interest  to  one  con- 
nected with  the  responsible  duties  of  training  the  would-be  engineer, 
yet  somewhat  busied  with  the  more  active  practice  of  the  profession. 
It  is  rather  to  call  your  attention  to  some  needed  oj)portunities 
likely  to  be  felt  by  such  as  have  by  their  labors  and  experience 
earned  a  place  in  the  profession,  and  to  report  the  results  of  some 
recent,  efforts  made  to  meet  the  growing  demand. 

There  is  surely  no  branch  of  the  comprehensive  profession  of  en- 
gineering M'hich  calls  for  so  much  technical  instinct  and  sound  judg- 
ment as  that  relating  to  the  broad  fields  of  mining  and  metallurgy. 
In  the  many  other  divisions  of  the  profession  the  bench  marks  have 
been  more  clearly  established  or  the  bounding  stakes  have  been  set 
in  more  limited  areas  or  in  fields  more  fully  cleared.  The  problems 
that  are  presented  for  solution  either  contain  a  smaller  number  of 
variables  or  may  be  made  to  yield  to  fewer  formula,  and  to  such  as 
can  be  applied  with  wider  limits  of  application  in  new  cases  that 
arise.  There  are  not  many  mining  engineers  but  have  felt  how  few 
constants  have  been  determined  in  their  special  branches,  and  in 
what  general  terms  these  must  be  applied.  It  is  not  only  in  dealing 
with  theoretical  and  purely  technical  questions  that  one  mav  feel 
handicapj)ed  in  his  work.  Indeed,  it  is  more  frequentlv  in  the  treat- 
ment of  practical  problems  that  special  data  are  required  and  the 
means  of  determining  these  fully  are  so  seldom  within  reach.  From 
the  examination  to  determine  the  nature  and  extent  of  mineral  de- 
posit to  utilizing  the  properties  of  the  useful  substance  this  supplies, 
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there  is  no  step  in  tlie  many  (•()nij)lex  operations  in  wliicli  the 
scarcity  of  exact  knowledtje  and  definite  laws  does  not  mao;niry  per- 
sonal eqnation,  and  especially  call  for  the  exercise  of  that  sound 
jnd<;nient  which  comes  of  keen  technical  instinct,  backed  by  large 
exj>eriencc  well  profited  by.  How  lacking  in  detail,  for  instance, 
is  our  knowledge  of  the  laws  and  their  complex  operations  relating 
to  the  origin  and  development  of  mineral  veins,  and  yet  how  im- 
portant such  detailed  knowledge  to  the  practical  results  we  seek  to 
obtain.  The  exact  conditions  under  which  rock  deposits  have  been 
laid  down — how  they  have  been  moved,  what  strains  have  been 
produced,  the  origin  of  these  and  how  they  have  acted  uj>on  each 
kind  of  rock ;  whence  the  solutions  and  mineral  salts  contained; 
what  journeys  these  have  made;  M'hat  storage  room  is  found  and 
how  produced — whether  by  leaching,  fracture,  fault,  enlargement, 
shrinkage — and  the  extent  of  these,  besides  the  complicated  question 
of  the  filling  of  this  Oj)en  ground,  the  various  causes,  rates  and  times 
of  deposition.  In  a  general  way  we  know  much  of  these,  but  how 
little  of  the  detail  we  require  for  reducing  the  commercial  problem 
to  finished  plan  or  complete  estimate. 

In  the  exploitation  of  mineral  ground  the  lack  of  detailed 
knowledge  such  as  this,  and  of  other  facts  and  principles  affec^ting  its 
position,  extent  and  relation  to  adjacent  rocks,  is  likely  to  prevent 
the  best  advantage  being  taken  of  natural  conditions  in  laying  out 
the  work  and  ])roviding  for  the  most  economical  extraction.  With 
the  piesent  means,  too,  how  difficult  to  formulate  the  strains  and 
stability  of  materials  met  with  underground  or  to  determine  suffi- 
ciently to  ensure  complete  control  of  imprisoned  water,  gas,  the 
effects  of  heat  and  such  conditions  as  affect  economy  of  work  and 
even  the  life  and  health  of  those  who  labor  in  mines. 

And  further,  in  the  treatment  of  the  minerals  produced,  whether 
in  preparatory  dressing  or  metallurgical  extraction,  how  much  there 
is  to  learn  of  law  and  fact  to  enable  ns  to  get  the  needed  data  in 
each  case  on  which  to  base  and  regulate  the  plant  and  process  to 
obtain  the  best  results. 

And  even  when  the  extracted  metal  is  in  hand,  how  much  we 
grope  about  in  using  it  and  in  aj)plying  the  many  properties  it  has. 
On  the  slender  basis  of  a  few  inaccurate  j^hysical  tests,  for  lack 
of  better  means,  or  the  crude  incpiiry  which  is  all  that  chemistry  at 
present  suggests — vltlmate  analysis — neglecting  the  proximate  com- 
position, upon  which  so   much   the   metal's  qualities  depend — upon 
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such  slender  basis  and  imperfectly  digested  fact,  elaborate  structures 
are  developed,  necessitating  a  safety  factor,  often  of  huge  extent. 

There  is,  of  course,  a  vast  amount  of  knowledge  bearing  on  all 
these  points,  as  any  one  in  trying  to  master  it  would  confess,  and 
each  day  brings  some  addition  to  the  store,  but  in  the  critical  in- 
vestigation of  some  special  case,  the  limitations  of  this  knowledge 
are  soon  made  plain. 

In  these  days  of  rapid  progress  in  all  fields  of  activity,  there  is  a 
wonderful  improvement  in  the  conditions  which  favor  the  increase 
of  this  much  needed  knowledge  of  law  and  fact.  Books  of  refer- 
ence, current  literature  and  other  special  means  of  reporting  the 
progress  that  is  made  in  discovery  or  new  application,  are  coming 
more  and  more  within  the  reach  of  all.  Cabinets  and  museums  are 
increasing  in  number  and  growing  rich  in  stores  of  mineral,  rock 
and  fossil  specimens  and  in  casts  and  preparations  and  such  other 
objects  as  are  found  most  useful  for  comparison  and  study.  Physical 
and  chemical  laboratories  are  developing  constantly  new  facilities  of 
special  apparatus  and  better  method  to  spur  on  investigator  and  aid 
the  manufacturer. 

All  these  are  admirable  and  contribute  in  no  small  decree  to  the 
benefit  of  many.  But  that  which  is  of  especial  importance,  in  these 
days,  to  the  engineer  and  the  vast  field  of  activity  in  which  he 
labors,  is  what  might  be  included,  for  lack  of  better  term,  under  the 
general  name  of  Engineering  Laboratory,  where  materials,  ma- 
chinery, appliances  and  processes  might  be  tested  and  experimented 
with  in  detail — not  with  reduced  laboratory  sample,  but  on  a  work- 
ing commercial  scale.  It  is  not  meant  by  this  that  each  individual 
establishment  should  necessarily  include  all  the  varieties  of  test 
here  implied,  although  under  favorable  conditions  such  compre- 
hensive duty  might  be  brought  under  one  control.  Local  circum- 
stances, special  needs  or  advantages  would  serve  as  a  guide  to  the 
wiser  foundations  on  which  to  build. 

I  am  by  no  means  unmindful  of  the  many  laboratories  already  in 
existence  for  the  chemical  and  physical  test  of  engineering  and 
other  materials,  or  of  the  metallurgical  laboratories  for  trial  of  ores 
and  their  methods  of  treatment.  These  all  serve  useful  purposes  in 
their  way  and  are  encouraging  advances  over  old-time  opportunities. 
They  have  contributed  largely  to  the  developments  of  recent  years 
and  paved  the  way  for  another  step  forward,  but  to  meet  the 
demands  that  are  now  pressing  this  s^ep  should  be  taken  with  little 
delay. 
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Such  laboratories  as  have  been  established  for  making  physical 
tests  are  either  provided  with  api)liancos  of  too  limited  caj)acity  to 
yield  the  most  important  results,  or  in  the  few  instances  where  test- 
ing machines  of  sufficient  power  arc  at  hand  they  are  not  available 
for  use  by  the  profession.  The  government  testing  machine  at  the 
AVatertown  Arsenal  seems  unlikely  to  fulfil  the  mission  for  which  it 
was  constructed  and  is  so  well  adapted,  while  the  only  other  im- 
portant machines  in  the  country  are  to  be  found  at  private  works 
where  they  are  mainly  used  for  routine  tests  to  serve  as  a  guide  in 
special  work.  The  laboratories  where  practical  trial  and  test  of 
metallurgical  material  and  processes  may  be  had  are  confined  to 
work  on  a  limited  scale  and  are  not  adapted  for  the  solution  of 
many  of  the  problems  that  arise. 

What  we  especially  need  in  these  days  are  large  public  testing 
works  where  not  merely  the  unreliable  turned-down  specimen  or 
trimmed  fragment  can  be  tested  (which  are  well  enough  in  many 
instances  as  a  general  guide),  but  where  full-size  timber  and  beam 
or  girder,  truss  or  construction  member,  large  blocks  of  stone  and 
piers  of  masonry,  as  well  as  the  many  other  materials  and  structures 
used  by  the  engineer,  may  be  made  to  yield  a  more  accurate  record  of 
their  strength  and  limits  of  useful  application.  In  such  testing 
works  we  should  find  a  full  equipment  of  machinery  and  appliances 
especially  adapted  for  testing  ores  and  fuels  and  other  mineral  sub- 
stances and  products  of  manufacture  on  a  commercial  scale,  by  car- 
load or  lot  of  lai'ger  size,  in  all  the  processes  and  operations  connected 
with  mechanical  preparation,  extraction  or  development  of  power. 
Here  too,  if  provided  with  abundant  space  and  good  margin  of 
boiler  and  engine  power,  new  machinery  and  apparatus  could  be 
tested  to  prove  their  practical  usefulness  and  the  working  power 
required. 

Time  would  fail  were  I  to  attempt  on  this  occasion  even  an  enu- 
meration in  detail  of  the  manifold  advantages  and  opportunities 
likely  to  result  from  such  establishments  and  the  judicious  use  of 
them.  Every  engineer,  and  especially  mining  engineer,  whatever 
his  training  or  his  field  of  labor,  must,  and  many  from  hard  expe- 
rience will,  appreciate  the. practical  value,  and  even  necessity,  of  se- 
curing such  means  of  obtaining  full  knowledge  for  safer  guidance 
and  control.  The  manufacturer,  and  corporation,  too,  and  all  such 
as  operate  or  invest  in  mine,  or  mill,  or  furnace  plant,  or  many 
another  enterprise,  will  be  made  more  secure  against  loss  and  disap- 
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pointment,  since  we  have  here  the  means  of  reducing  wilcl  and  haz- 
ardous schemes  to  definite  business  plan  and  safe  estimate. 

To  obtain  tiie  widest  use  and  best  advantaf^e  from  these  ent^ineer- 
ing  laboratories  they  should,  as  already  indicated,  be  for  public  busi- 
ness, operated  on  a  good  commercial  basis  with  proper  technical 
control,  provided  with  trained  engineers  and  specialists  to  conduct 
the  trial  and  read  results  aright.  Here,  then,  for  test  of  material, 
process,  or  appliance,  the  engineer  or  others  interested  could  send 
their  material  for  proof  and  practical  trial  on  a  working  scale,  and 
at  fair  cost  obtain  reliable  results,  sending,  if  desired,  their  own 
experts  to  watch  or  guide  the  work. 

With  such  opportunities  as  these  establishments  should  provide 
there  is  not  likely  to  be  wanting  the  means  for  profiting  thereby. 
Besides  commercial  work,  calling  for  more  or  less  elaborate  experi- 
ment and  yielding  often  new  and  important  data,  there  would  be 
special  investigations  in  the  interest  of  science  and  its  useful  appli- 
cation, promoted  by  private  bounty  and  by  such  associations  as  are 
engaged  in  related  work,  or  are  benefited  by  its  results. 

Having  thus  briefly  presented  a  suggestion  of  the  means  for  meet- 
ing a  much  felt  want  in  the  profession,  I  venture  to  refer,  in  conclu- 
sion, to  an  effort  that  has  been  made  to  carry  out  the  suggestion  and 
apply  the  plan  in  practice. 

During  the  past  year  an  establishment  has  been  completed,  and 
has  already  a  record  of  eight  months  of  successful  practical  opera- 
tion, to  which  the  name  of  St.  Louis  Sampling  and  Testing  NVorks 
has  been  given.  It  includes  a  full  line  of  machinery  and  appliances 
on  a  commercial  scale  for  the  crushing,  sampling,  milling,  and  con- 
centration of  ores,  the  washing,  coking  and  stearaing-test  of  coals, 
and  for  other  related  work,  by  the  car-load,  or  in  lots  of  larger  size-. 
Special  pains  have  been  taken,  in  providing  and  setting  this  ma- 
chinery, to  secure  every  possible  facility  for  varying  the  conditions 
and  methods  of  operation,  due  attention  being  given  also  to  such 
accessory  apparatus  as  may  contribute  to  more  accurate  trial  and  the 
reliable  record  of  all  working  parts.  Laboratories  for  assay  and 
chemical  work,  and  for  physical  tests,  are  provided  to  guide  and- 
control  the  work  as  well  as  promote  investigation.  Trained  and 
experienced  specialists  are  connected  with  each  department  that  the 
needed  intelligence  and  skill  for  the  most  effective  utilization  of 
these  appliances  may  not  be  wanting. 

So  far  the  work  has  been  mainly  of  a  commercial  character.  This 
has  developed  to  a  very  encouraging  extent,  and  has  been  the  mean* 
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of  proviiijj  the  efficiency  of  the  plant  and  its  usefulness  to  the  public. 
Even  for  the  short  time  it  has  been  in  operation  it  would  be  difficult 
to  estimate  the  amount  of  money  that  has  been  saved  to  many  who 
were  rushing  blindly  into  the  erection  of  expensive  plants,  or  igno- 
rantlv  exj)erimenting  with  one  costly  process  after  another  on  a 
lavish  scale.  In  the  prosecution  of  this  commercial  work  many 
valuable  data  have  been  obtained  bearing  upon  important  metallur- 
gical problems,  and  special  investigations  have  been  undertaken  from 
time  to  time  to  make  the  information  thus  gained  more  complete. 

In  several  instances  members  of  the  profession  have  made  use  of 
the  opportunities  offered,  and  themselves  conducted  investigations  to 
solve  some  special  metallurgic  problem  in  the  interest  of  clients,  or 
to  test  on  a  practical  working  scale  some  modification  of  process  or 
new  mechanical  device. 

In  the  education  of  students  in  metallurgy  and  engineering  these 
works  are  performing  also  a  most  useful  office.  Indeed,  it  would 
be  impossible  to  over-estimate  the  value  of  such  advantages  as  are 
there  offered  the  students  of  Washington  University  for  becoming 
thoroughly  familiar  with  the  construction  and  use  of  the  machinery 
and  processes  relating  especially  to  mining  and  metallurgy.  No 
argument  should  be  necessary  to  convince  members  of  the  profession, 
or  those  who  have  occasion  to  employ  young  mining  engineers  or 
metallurgists,  of  the  importance  of  practical  training  in  works  on  a 
commercial  scale. 

In  this  way,  it  will  be  seen,  a  step  has  been  taken  still  further  in 
advance  in  the  direction  already  indicated  as  important  to  the  devel- 
opment of  the  profession  and  the  many  interests  it  serves.  How 
far  this  movement  will  be  successful,  or  in  what  measure  it  will  fulfil 
the  mission  for  which  it  was  undertaken,  will  depend,  in  a  large  de- 
gree, upon  the  manner  in  which  those  connected  with  it  discharge 
the  responsibilities  of  their  office  and  the  extent  to  which  encour- 
agement and  assistance  are  given  by  those  likely  to  be  benefited  by 
the  work.  Much,  however,  will  depend  upon  the  members  of  the 
engineering  profession,  and  how  far  they  make  use  of  these  and 
similar  opportunities  for  advancing  the  interests  of  their  calling. 
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BY   EDGAR   S.    COOK,    POTTSTOWN,    PA. 

(Buffalo  Meeting,  October,  1888.) 

For  several  years  past,  dating  particularly  from  the  days  of 
serious  "ore-dirt"  conij)lications  at  the  Warwick  furnace,  I  have 
been  desirous  of  providing  some  safe,  quick  and  easy  method  of 
relieving  the  tuyeres  of  slag,  when  the  cinder-  and  iron-notches  are 
chilled  through  loss  of  heat  in  the  ciucible  or  when,  from  dropping 
or  jumping  of  stock,  the  molten  slag  is  forcibly  driven  into  the  belly- 
and  leg-pipes.  Various  methods  were  proposed,  but  objections  of 
one  kind  or  another  always  presented  themselves,  and  the  subject 
was  postponed  to  a  more  convenient  season. 

In  the  summer  of  1887,  while  running  on  anthracite  alone,  I 
found  the  various  expedients  in  use  to  be  so  utterly  valueless,  that 
the  importance  of  a  practicable  tuyere  slagging-valve  impressed  me 
more  forcibly  than  ever.  The  holes  left  in  the  cast-iron  jacket  at 
one  side  of  the  bottom  of  the  water-blocks  were  found  to  be  of  no 
value  whatever.  The  swinging  or  hinged  cap  on  the  elbow  of  the 
belly-pipe,  while  convenient  to  permit  the  removal  of  slag  after  the 
belly-})ipe  was  partially  or  wholly  filled,  could  not  be  adapted  to 
discharge  the  slag  before  solidifying,  except  at  great  risk  to  the  men 
and  loss  of  time  just  when  the  constant  running  of  the  engine  and 
the  keeping  of  blast  on  the  furnace  was  of  the  utmost  importance.  By 
removing  keys  from  the  caps  and  holding  them  in  place  with  props, 
the  slag  could  be  discharged  through  the  tuyeres  and  belly-pipes, 
with  the  engine  running,  by  knocking  the  props  away  at  a  given 
signal.  This  method  is  extremely  hazardous  to  life  and  limb,  and 
I  have  always  hesitated  to  make  use  of  it.  When  the  furnace  is  in 
such  condition  as  to  require  the  adoption  of  some  method  of  the 
kind,  the  stoppage  of  the  engine,  cooling  the  blast  and  the  contents 
of  the  crucible,  always  aggravates  the  trouble.  When  the  caps  are 
blown  open  and  the  slag  is  discharged  by  removal  of  the  props,  it 
is  necessary  to  stop  the  engine  to  rej>lace  them.  An  hour  or  more 
will  elapse  before  this  can  be  done,  as  the  slag  must  be  partly  re- 
moved before  the  tuyeres  can  be  approached  by  ordinary  mortals, 
and  the  caps  handled  and  fastened  in  place  again.  Any  movement 
of  the  stock  is  liable  to  burn  the  workman,  as  he  stands,  securing  the 
cap  in  front  or  at  one  side  of  the  open  belly-pipe. 
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The  cooling  of  crucible-contents  and  the  lowering  of  the  heat  of 
the  stoves,  while  thus  standing,  adds  to  the  difficulty  of  restoring 
the  furnace  to  a  normal  condition  and- renders  necessary  a  resort  to 
this  method  a  second,  third  or  fourth  time,  and  eveu  oftener,  the 
conditions  growing  more  unfavorable  each  hour,  and  thus  frequently 
causes  the  loss  of  the  furnace  which  could  have  been  prevented  from 
chilling,  while  the  work  was  made  safe  to  all  engaged,  if  there  had 
been  a  quick,  easy  method  of  removing  the  slag  through  the  tuyeres 
and  belly-pipes  without  loss  of  time  or  heat. 

We  attempted  in  1887  to  use  the  method  just  described,  but 
our  belly-pipes  filled  solid  with  slag  before  we  could  get  props  in 
place,  the  change  in  the  fui'uace  coming  unexpectedly  and  quickly. 
Several  hours  were  required  to  clean  the  pipes.  Fortunately,  the 
trouble  was  only  temporary.  On  starting  up  again,  the  slag  cleared 
the  tuyefes  and  ran  from  an  enlarged  cinder-notch  without  further 
serious  trouble. 

This  experience  brought  into  existence  the  tuyere  slagging-valve 
now  in  use  at  the  Warwick  furnace,  and  found  to  be  valuable  in 
more  wavs  than  one.  Our  chief  eno-ineer  sug-o-ested  that  a  valve 
placed  in  the  cap  or  the  bottom  of  the  belly-pipe,  connected  with  the 
piston  of  a  cylinder  of  larger  diameter  than  the  valve  and  operated 
with  a  three-way  cock  placed  in  a  pipe  connecting  the  cylinder  with 
the  main  blast-pipe,  would  afford  a  safe  and  sure  way  of  flushing 
through  any  belly-pipe  without  stopping  the  engine  at  all.  The 
three-way  cock  he  proposed  so  to  locate  at  a  convenient  position 
that  the  slag  discharged  would  not  interfere  with  the  man  operating 
it.  The  idea  seemed  feasible,  and  orders  were  giv^en  to  have  one 
constructed  and  put  into  position.  The  trial  of  the  first  valve  com- 
pleted was  so  satisfactory  that  we  arranged  to  put  similar  valves  on 
all  our  tuyeres,  improving  the  mechanical  construction  and  conve- 
nience of  the  device  as  we  progressed.  The  accompanying  drawings 
will  explain  the  construction.  Figs.  1,  2,  3  and  4  represent  the  or- 
dinary 3-inch  valve. 

In  these  figures,  C  is  the  leg-pipe;  D,  the  elbow;  E,  the  belly- 
pipe;  F,  the  circular  casting,  keyed  to  elbow  by  keys,  T.  This 
casting  carries  the  valve-seat,  held  in  position  by  keys,  Q,  and  is  of 
the  same  diameter,  external  and  internal,  as  the  elbow,  D.  G  is  the 
swinging  cap  of  the  elbow,  held  in  position  by  keys,  S.  H  is  the 
valve-cylinder,  with  K  opening  for  connecting-pipe  running  to  the 
circular  blast-pipe  and  a  small  opening,  L,  at  bottom,  for  the  escape 
to  the  i-itmosphere  of  any   air   leaking  past  the   piston.     ]M  is  the 
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usual  eye-hole,  arranged  with  a  stop-cock  to  permit  the  easy  clean- 
ing of  the  glass.  N  is  the  guide  for  the  rack-extension,  O,  of  the 
piston-rod ;  U,  the  sector  with  extended  arm,  carrying  the  valve,  V, 
and  fitted  to  work  easily  with  rack,  O.  In  practice,  we  found  that 
when  the  valve,  \,  was  thrown  open  by  pressure  of  air  in  the  belly- 
pipe  (the  pressure  in  valve-cylinder  being  cut  off)  owing  to  its  own 
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weight  and  that  of  piston  and  piston-rod,  V  would  partially  close 
igain,  not  enough  to  interfere  with  the  flow  of  slag  through  the 
opening,  but  just  enough  for  the  slag  to  strike  it  and  in  time  cut  it. 
In  order  to  hold  the  open  valve  in  the  position  shown  in  Fig.  4,  a 
f "  pipe-connection,  J,  was  made  from  the  top  of  the  circular  cast- 
ing, F,  to  the  lower  part  of  the  valve-cylinder,  H.     The  opening  in 
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the  oylinder  is  immediately  opposite  the  piston  when  the  valve  is 
closed.  When  the  valve,  V,  is  opened  and  the  piston  of  the  cylinder 
rises,  air  j)asses  through  pipe,  J,  to  the  lower  side  of  the  piston  and 
assists  to  throw  the  valve,  V,  wide  oj)en  and  hold  it  in  the  i)Osition 
shown.  In  pipe,  J,  is  placed  a  stop-cock,  R,  to  regulate  the  amount 
of  air  to  be  admitted  to  the  lower  side  of  the  piston.  A  brass  plug 
is  screwed  into  top  of  the  tee  to  facilitate  the  cleaning  of  the 
pipe  should  it  become  filled  with  plumbago  or  gas-dirt. 

The  tuyere  slagging-valve  is  easily  applied  to  any  of  the  usual 
forms  of  belly-pipes.  The  connection  between  it  and  the  main  blast- 
pipe  can  be  made  by  any  one  accustomed  to  put  up  gas-  or  steam- 
pipe.  One  main  pipe,  IJ  inches  in  diameter,  is  connected  with  the 
main  blast-  or  bustle-pipe,  and  from  this  f-inch  branches  are  run  to 
the  several  tuyeres,  one  to  each  tuyere-arch.  A  l|-inch  three-way 
cock  is  placed  in  the  i|-inch  pipe  and  |-inch  three-way  cocks  in 
each  of  the  branches,  located  as  nfay  be  found  most  convenient.  The 
f-inch  pij)e  of  each  tuyere-arch  is  connected  by  means  of  a  brass 
union  with  the  top  of  the  valve-cylinder.  To  keep  the  valve  closed, 
the  furnace  being  in  operation,  the  plug  of  the  H-inch  three-way 
cock  is  so  turned  that  the  opening  to  the  atmosphere  is  closed  and 
the  passage  from  main  blast- pipe  to  branches  and  cylinders  is  opened. 
The  f-inch  cocks  are  turned  the  same  way.  The  pressure  of  blast 
in  the  belly-pipe  is  the  same  as  in  the  valve-cylinder.  The  area  of 
the  piston,  being  larger  than  the  area  of  the  valve  in  the  belly-pipe, 
the  latter  is  kept  tightly  closed,  never  leaking.  If  it  is  desired  to 
open  a  valve,  the  plug  of  a  f-inch  three-way  cock  is  turned,  cutting 
oflfthe  supply  of  air  from  the  blast-pipe  and  opening  its  passage  to 
the  atmosphere.  The  pressure  of  blast  in  the  belly-pipe,  acting  upon 
the  valve,  forces  it  open,  driving  up  the  piston  of  the  valve-cylinder, 
upon  which  there  is  now  no  pressure.  The  air  filling  the  cylinders 
escapes  to  the  atmosphere  through  the  side-opening  of  the  cock.  To 
close  the  valve,  the  plug  of  the  |-inch  three-way  cock  is  turned  in 
the  opposite  direction,  closing  the  passage  to  the  atmosphere  and 
opening  communication  with  the  blast-pipe,  the  pressure  from  which, 
acting  on  the  piston  of  the  cylinder,  overcomes  the  resistance  of  the 
air  in  the  belly-pipe  and  closes  the  valve.  By  operating  the  1|- 
inch  three-way  cock,  all  of  the  valves  in  use,  one  or  six,  can  be 
opened  instantaneously ;  or  each  valve  can  be  used  separately  by 
operating  the  corresponding  f-inch  three-way  cocks. 

Slag  driven  into  the  belly-pipes  by  the  jumping  of  the  stock  when 
the  working  of  the  furnace  is  temporarily  deranged,  can  be  quickly 
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and  easily  discharged  through  one  or  more  of  the  slagging- valves, 
without  loss  of  time  or  any  inconvenience  whatever.  When  the 
crucible  is  badly  chilled,  the  iron-  and  cinder-notches  are  closed,  and 
the  slag  melted  by  each  tuyere  is  prevented  from  distributing  itself 
over  the  area  of  the  crucible,  and  confined  to  the  immediate  vicinity 
of  the  tuyere  melting  it,  this  slag  can  be  discharged  through  the  tuyere 
slagging-valves  with  no  risk  to  the  men  and  without  stopping  the 
engine  for  a  moment,  thus  avoiding  all  loss  of  time  and  all  the 
danjjors  attendincr  the  further  cool iny;  off  of  crucible  and  blast.  The 
management  of  a  furnace  is  thus,  to  some  extent,  simplified  and  one 
of  the  most  serious  annoyances  attending  the  operation  of  an  anthra- 
cite furnace  is  removed,  viz.:  the  difficulty  of  keeping  the  tuyeres 
open. 

Flushing  can  be  done  through  the  tuyere  slagging-valves  with 
the  same  facility  as  through  the  cinder-notch.  It  occasionally 
happens,  even  in  a  furnace  working  well,  that  a  pocket  forms  under 
or  around  a  certain  tuyere,  so  that  when  the  engine  is  stopped,  this 
tuyere  is  sure  to  fill  with  slag.  When  this  condition  is  known  to 
exist,  it  is  only  necessary  to  throw  the  blast  off  the  furnace,  open  the 
valve  of  the  tuyere,  put  blast  on  again  blowing  slag  out  and  then 
stop  the  engine. 

In  addition  to  the  uses  mentioned,  we  have  found  that  the  tuyere 
slagging-valves  supersede  the  "  pricking  "  of  the  tuyeres,  and  answer 
the  purpose  far  better.  A  pricking-rod  is  now  used  only  when  a 
large  hard  lump  obstructs  the  nose  of  a  tuyere,  which  rarely  happens. 
In  order  to  keep  the  valves  in  good  working-order,  it  was  our 
custom  to  open  them  regularly  once  or  twice  per  turn.  In  so  doing, 
we  noticed  that  the  tuyeres  kept  cleaner  and  brighter  than  hereto- 
fore. Indeed,  we  never  had  such  uniformly  bright  and  clean  tuyeres, 
under  all  conditions  of  working,  as  we  have  had  since  using  these 
valves — some  nine  months  or  more.  Besides,  we  never  before  made 
so  much  iron  in  the  same  time.  A  clean,  bright  tuyere  will  cer- 
tainly melt  more  material  per  hour  than  one  furred  with  dirt.  The 
frequent  opening  of  the  slagging-valves  removes  the  dirt  deposited 
in  the  belly-pipes  from  the  gas,  and  the  infusible  dirt  that  collects 
around  the  nose  of  each  tuyere. 

We  have  found  a  3-inch  valve  the  most  convenient  in  size, 
although  we  have  one  6  inches  in  diameter.  This  is  shown  in  Figs. 
5,  G  and  7,  from  which  it  will  be  seen  that  in  this  form  the  valve,  V, 
replaces  the  ordinary  swinging  cap,  and  carries  the  eye-hole,  M, 
and  the  pricker-hole,  W,  the  latter  being  closed  by  means  of  a  full- 
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way  valve,  instead  of  lever  and  hall.  This  valve  is  Ideated  on  the 
front  tuyere,  direetly  over  the  iron-notch,  and  is  made  to  replace  the 
ordinary  cap,  the  eye-sight  and  pricking-rod  holes  being  in  the 
valve.  It  can  he  easily  opened  to  change  nozzles.  It  is  safer  to 
operate  a  valve  of  this  size  independently  of  the  others.  Its  cylinder 
is  connected  to  the  hiast-pipe  hy  a  separate  1-inch  pipe. 

We  consider  that  the  6-inch  valve  would  he  of  more  value  than 
the  3-inch  one,  chiefly  in  extreme  instances  of  the  chilling  of  the 
crucihle  and  a  large  accumulation  of  dry  ore-dirt  in  the  furnace. 
As  now  constructed,  the  3-inch  tuyere  slagging-valve  can  he  placed 
in  position  in  ahout  five  minutes,  everything  heing  got  ready  before 
the  stoppage  of  the  furnace  after  a  cast.  A  circular  casting,  ahout 
11  inches  long,  of  the  same  internal  and  external  diameti'r  as  the 
elbow-casting  of  the  belly-pipe,  is  keyed  to  the  elbow  in  i)lace  of  the 
cap,  the  cap  I)eing  transferred  to  the  opposite  end  of  the  valve-cast- 
ing. In  other  words,  the  ordinary  elbow  is  lengthened  by  a  separate 
casting,  11  inches  long.  The  air-cylinder  is  permanently  attached 
to  this  circular  casting,  carrying  the  sec^tor  and  the  rack-extension 
of  the  piston-rod  opei'ating  the  valve,  the  valve  itself  heing  on  the 
lower  side  of  the  casting.  The  seat  of  the  valve  is  made  detachable, 
so  that  it  can  be  renewed,  should  it  become  worn  or  cut  by  the  action 
of  the  slag. 

Recently  we  allowed  considerable  slag  to  accumulate  in  the  furnace. 
By  simply  o|)erating  the  three-way  cock  of  the  6-inch  slagging- 
valve,  we  flushed  through  the  belly-pipe  and  valve  without  any 
injury  either  to  the  pipe  or  valve.  A  very  slight  shell  of  chilled 
slag  remained  in  the  pipe.  The  valve  was  closed  easily  and  tightly 
by  reversing  the  cock. 

On  another  occasion,  shortly  before  the  regular  time  for  flushing, 
the  engine  suddenly  stopped,  in  spite  of  the  efforts  of  the  engineer  to 
keep  it  moving.  A  joint  in  the  steam-pipe  had  been  re-made  earlier 
in  the  day,  and  we  suppose  a  chip  of  wood  had  somehow  got  into 
the  pipe  and  caught  on  the  seat  of  one  of  the  valves  of  the  engine, 
thus  causing  its  sudden  stoppage.  The  furnace  being  full  of  slag,  all 
the  belly-j)ipes,  as  the  engine  stop})ed  without  warning,  filled  im- 
mediately. The  6-inch  slagging-valve  opened  automatically  from 
the  pressure  of  the  slag  in  the  pipe,  draining  itself  and  also  the 
adjoining  pipe,  the  only  one  on  which  we  had  not  placed  a  slagging- 
valve.  The  3-inch  valves  were  opened  as  quickly  as  possible  by  the 
keeper,  by  means  of  a  small  bar,  no  air-pressure  being  in  the  pipes. 
From  each,  the  slag  flowed  without  dilficulty.     The  delay  in  open- 
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ing  the  3-inch  valves  caused  a  more  or  less  heavy  shell  to  form  in 
the  pipes,  in  contrast  with  the  6-inch  valve,  which  opened  of  itself 
and  left  but  a  light  shell  in  its  belly-pipe.  In  half  an  hour's  time 
all  the  pipes  were  perfectly  cleaned  and  we  started  up  again.  But 
for  the  slagging-valves,  the  pipes  would  all  have  been  completely 
filled  with  slag,  which  would  have  solidified  before  it  would  have 
been  possible  to  remove  it  by  means  of  the  ordinary  swinging-caps, 
thus  entailing   a   stoppage    of  four   or  five  hours.     Such    a    long 
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stoppage,  coming  unexpectedly,  might,  under  some  conditions,  cause 
much  trouble  and  additional  expense.  We  think  the  valves  have 
already  repaid  to  us  their  original  cost. 

We  are  now  making  blow-off  valves  for  our  boilers,  constructed 
on  the  same  principle,  with  slight  modifications  to  suit  the  different 
conditions.  Instead  of  air,  steam  direct  from  the  boijers  is  used  to 
operate  the  valves.  Provision  is  made  to  guard  against  the  accumu- 
lation of  water  in  the  cylinder  condensed  from  the  steam  and  to 
avoid  the  possibility  of  the  freezing  of  any  of  the  parts  in  extreme 
cold  weather. 

Letters  patent  have  recently  been  obtained  for  the  tuyere  slagging- 
valve  device. 
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THE  GEOLOGY  OF  BUFFALO  AS  BELATED  TO  NATUEAL- 
GAS  EXPLOBATIONS  ALONG  THE  NIAGARA  lilVER. 

BY   CHARLES  ALBERT   ASH  BURNER,  PITTSBURGH,  PA. 

(nunklo  Meeting,  October,  18S8.) 

1.  The  Gp:ology  of  Buffalo. 

THEstratigraphical  geology  of  the  vicinity  of  Buffalo  has  always 
been  of  great  interest  on  account  of  its  bearing  on  the  origin  and 
history  of  the  Niagara-river  gorge,  between  the  Falls  and  Lake  On- 
tario. Recently,  however,  the  character  and  thickness  of  the  strata 
which  underlie  Buffalo  have  acquired  more  practical  and  economic 
importance  on  account  of  their  relation  to  the  possible  occurrence  of 
natural  gas  in  commercial  quantity  near  the  Niagara  river. 

In  a  paper  presented  at  the  Dulnth  meeting  (1887),  on  "Petro- 
leum and  Natural  Giis  in  New  York  State"  {Trans.,  xvi.,  90o),  I 
gave  a  brief  descrij)tion  of  the  four  wells  which  had  been  drilled  by 
the  Buffalo  Cement  Company  between  1883  and  that  time.  One  of 
these  wells  is  lo05  feet  decj) ;  and,  at  the  time  that  my  paper  was 
finally  revised  for  the  Transactions  (June,  1888),  it  was  still  an  open 
question  whether  the  drill  in  this  well  had  reached  the  Niagara  lime- 
stone, or  had  penetrated  the  Medina  sandstones  and  shales,  which 
latter  are  boldly  exposed  in  a  number  of  localities  in  the  district,  but 
more  particularly  along  the  Niagara  river  in  the  vicinity  of  Lewis- 
ton  and  Queenstown. 

The  difficulty  in  this  geological  question  at  Buffalo  has  lain  in  the 
fact  that  no  reliable  determination  could  be  made  of  the  thickness 
of  the  strata  included  between  the  Corniferous  limestone,  immediately 
below  which  the  drilling  of  the  Buffalo  gas-wells  was  commenced, 
and  the  Niagara  limestone. 

On  the  other  hand,  the  strata  included  between  the  latter  limestone 
and  the  middle  j)ortion  of  the  Medina  sandstones  and  shales,  have 
been  minutely  measured  and  studied  in  the  Niagara  gorge  below 
the  Falls  by  many  American  and  European  geologists.  The  first 
reliable  section  of  these  strata  was  constructed  by  Professor  Eaton, 
and  published  in  1824  in  his  report  on  the  Geological  and  Agricid- 
tural  Survey  of  the  District  adjoining  the  Erie  Canal.  This  section, 
extending  from  Lake  Erie  to  Lewiston,  is  complete,  with  the  excep- 
tion that  no  thickne.ss  is  given  to  the  Salina  or  Onondaga  salt  group. 
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and  practically  corresponds  with  new  measurements  made  in  1838 
by  the  now  venerable,  but  still  active,  State  Geologist  of  New  York, 
Professor  James  Hall.     Hall's  section  is  as  follows : 


No.  VI. 


No.  V. 


f  Niagara  limestone,      ......  164  feet. 

*•  Niagara  shales, 80  feet. 

J  Clinton  limestone,        ......  25  feet. 

1  Clinton  shale, 4  feet. 

No.  IV.      Medina  sandstones  and  shales,    .         ...        .  350  feet.* 

The  Niagara  limestone  forms  the  knuckle  of  the  Falls,  below  which 
80  feet  only  of  the  limestone  are  visible.  The  upper  part  of  this 
formation  disappears  with  a  southward  dip  beneath  the  surface,  about 
one  mile  south  of  the  Falls.  The  Salina  formation,  which  overlies 
the  Niagara  formation,  occupies  all  the  level  country  from  a  point 
about  2  miles  south  of  the  Falls,  for  a  distance  of  15  miles  by  the 
river,  to  Black  Rock  on  the  northern  edge  of  the  city  of  Buffalo, 
where  the  Corniferous  limestone  outcrops.  Within  this  stretch  there 
are  comparatively  few  rock- exposures,  so  that  it  has  been  impossible 
to  determine  the  thickness  of  the  Salina  strata  and  any  overlying 
Water-lime  or  Lower  Helderberg  limestone  which  might  exist.f  The 
thickness  which  has  been  assigned  to  these  strata  up  to  within  the 
past  five  years  has,  at  the  best,  been  only  a  guess. 

At  Black  Rock  Professor  Hall  assigned  a  thickness  of  25  feet  to 
the  Corniferous  limestone  and  a  thickness  of  1  foot  2  inches  to  the 
Onondaga  limestone,  which  immediately  underlies  the  Corniferous 
and  is  frequently  included  in  that  formation ;  but  he  was  never  able 
to  determine  the  thickness  of  the  strata  filling  the  space  between 
these  limestones  and  the  Niagara  limestone.  Later  measurements 
made  since  1843,  the  date  of  Hall's  final  report  of  the  Fourth  Dis- 
trict, have   thrown  very  little  additional  light  on  the  Niagara-river 

*  This  does  not  represent  the  total  thickness  of  the  Medina  formation,  but  only 
that  portion  which  does  not  extend  under  Lake  Ontario,  north  of  the  mouth  of  the 
Niagara  river. 

t  Professor  Hall  claims  that  the  Water-lime,  or  Buffalo  hydraulic-cement  bed, 
does  not  correspond  with  the  Water-lime  group  of  the  eastern  part  of  the  State,  but 
with  the  Magnesian  deposit  of  the  Onondaga  salt  group.  The  junction  of  the 
W'ater-lime  with  the  Onondaga  or  Corniferous  limestone  is  plainly  visible  at  several 
quarries  in  the  vicinity  of  Buffalo  and  Black  Kock.  From  a  careful  study  of  sec- 
tions throughout  New  York  I  am  disposed  to  believe  that  Hall's  conclusion,  pub- 
lished in  1S43,  that  the  Water-lime  rock  in  the  vicinity  of  Buffiilo  belongs  to  the 
Onondaga  salt  group,  and  that,  therefore,  the  Lower  Helderberg  and  Water-lime 
groups  of  eastern  New  York  are  not  represented  in  the  western  part  of  the  State,  is 
correct. 
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section  above  the  Niagara  limestone;  of  the  section  in  the  gorge 
below  the  Falls  these  later  nieasarcnients  have  proved  the  correctness 
ot"  the  general  thickness  assigned  to  the  strata  by  Eaton  and  Hall, 
and  have  added  much  to  tlie  differentiation  of  details,  in  lacunae 
which  the  greater  dillicultics  of  getting  at  the  exposures  at  an  early- 
date  rendered  it  impossible  to  fill  out. 

In  a  recent  communication  received  from  Professor  Hall,  in  refer- 
ring to  the  Salina  group,  he  says:  "  In  my  report  no  distinct  men- 
tion was  made  of  the  thickness  of  the  Salina  formation,  since  in  my 
original  work  there  was  no  exposed  section  in  any  one  place;"  and 
adds,  "  In  the  Greigsville  shaft,  in  Livingston  county  (about  50 
miles  in  an  air  line  east  of  Buffalo),  Mr.  Crocker  gave  a  section 
below  the  Corniferous  to  the  top  of  the  red  shale,  as  amounting  to 
458  feet ;  the  red  shale  may  be  300  feet  or  more  thick.  In  this  section 
he  (Crocker)  gives  as  the  thickness  of  the  Corniferous  limestone  and 
shale  143  feet.  My  estimate  of  the  prevailing  thickness  of  the  Salina 
formation  on  the  west  of  the  Genesee  river  is  about  800  feet.  In 
one  section  in  Livingston  county  I  was  informed,  from  the  boring- 
records,  that  from  the  top  of  the  Tully  limestone  (part  of  the  Ham- 
ilton formation,  No.  VIII.)  to  the  Corniferous  was  603  feet,  and 
thence  995  feet  to  the  Niagara  limestone." 

Professor  Hall,  speaking  of  these  records  and  of  others  which 
have  been  reported  to  him  from  the  same  district,  says,  "  the  records 
do  not  all  agree."  While  it  is  impossible  for  me  to  discuss,  within 
the  limits  of  this  paper,  all  of  these  facts,  and  trace  their  structural 
relationship  to  my  conclusion  as  to  the  thickness  of  the  strata  along 
the  Niagara  river,  included  between  the  Corniferous  and  Niagara 
limestones,  I  wish  to  say  emphatically  that  they  in  no  way  throw  any 
doubt  on  my  conclusion  that  the  Buffalo  1305-foot  well  stopped  in 
the  Medina  sandstone  and  shale.  This  conclusion  seems  to  be  abso- 
lutely proved  by  the  well-borings  and  geological  structure  of  the 
eastern  end  of  the  Ontario  peninsula.  If  dependence  can  be  placed 
on  the  facts  reported  to  Professor  Hall,  it  is  quite  certain  that  the 
Salina  strata  must  thin  out  very  materially  between  Livingston 
county  and  the  Niagara  river,  and  that  the  lower  portion  of  the 
formation  loses  its  red  color.* 

It  was  impossible  for  me  to  settle  satisfactorily  the  thickness  of 

*  In  referring  to  this  question,  in  the  Fourth  District  report,  Hall  says:  "The 
red  sliale  forming  the  lower  division  of  the  [Onondaga  salt]  group,  and  so  well  de- 
veloped in  the  Third  District,  I  have  not  been  able  to  find  west  of  the  Genesee 
river The  red  shale  has  either  thinned  out  or  lost  its  color." 
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the  Salina  formation  in  the  vicinity  of  Buifjilo  from  tlie  record  of 
the  deep  well  {Trans.,  xvi.,  925),  because  specimens  of  the  drillings,* 
which  I  might  have  examined,  were  not  preserved.  The  strata  re- 
ported, in  the  only  record  of  the  well  which  was  kept,  have  been  very 
differently  grouped  by  Dr.  Julius  Pohlman,  the  most  prominent  local 
geologist  in  the  Niagara  district,  and  by  Mr.  L.  J.  Bennett,  president 
of  the  Buffalo  Cement  Company ;  Dr.  Pohlman  denies  that  the  well, 
at  a  depth  of  1305  feet,  had  reached  the  top  of  the  Niagara  lime- 
stone, and  Mr.  Bennett  claims  that  the  bottom  of  the  well  is  520  feet 
below  the  top  of  the  Medina  sandstone  and  shale  formation.  That 
the  latter  claim  is  substantially  correct,  I  have  no  doubt. 

I  have  recently  made  a  careful  geological  examination  of  the  On- 
tario peninsula  between  Lakes  Erie  and  Ontario ;  and  the  facts  ob- 
tained during  this  survey,  studied  in  connection  with  the  records  of 
the  three  wells  recently  drilled  at  Port  Colborne(at  the  southern  end 
of  the  Welland  canal,  17  miles  west  of  BuflPalo),  enable  me  to  deter- 
mine the  thickness  of  the  Salina  strata. 

The  third  well  at  Port  Colborne  was  drilled  1500  feet.  Carefully 
collected  specimens  of  the  strata  passed  through  were  kept  by  Mr. 
O.  C.  Richardson,  from  whom  duplicate  specimens  were  obtained. 
From  these  specimens  I  have  gathered  sufficient  facts  to  enable  me 
to  construct  a  detail  section  of  the  well,  of  which  the  following  is  a 
summary : 

Erie  clay,  .... 

J  Salina  limestone  and  shales,     . 
Niagara  limestone,   . 
Niagara  shales. 
Kg.  V.        Clinton  limestone  and  shales,  . 
No.  IV.      Medina  sandstone  and.  shales, . 

The  top  of  this  well  is  587  feet  above  tide  level ;  the  top  of  the 
Medina  sandstone  was  struck  at  a  depth  of  760  feet;  and,  judging 
from  the  character  of  the  strata  passed  through  near  the  bottom  of 
the  well,  I  do  not  believe  the  drill  stopped  very  far  above  the  geo- 
logical horizon  between  the  bottom  of  the  Medina  shales  and  the 
top  of  the  Hudson-river  shales,  so  that  the  thickness  of  the  Medina 
formation  is  probably  not  far  from  900  feet. 

The  Clinton  limestones  and  shales  are  exposed  in  the  Government 
quarry,  back  of  the  Riordan  paper  mills,  at  Merritton,  9  miles  west 
of  Lewiston.  Immediately  overlying  the  Clinton  rocks  in  this 
quarry  is  an  exposure  of  the  Niagara  shales,  the  bottom  of  which  is 
490  feet  above  tide.  The  same  geological  plane  (that  between  the 
VOL.  XVII. — 26  • 
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Clinton  and  Niagara  formations),  in  the  Port  Colborne  well  No.  3, 
js  123  feet  below  tide;  hence  the  average  southern  (]i|)  of  the  strata 
from  Merritton  to  Port  Colborne  (17^  miles)  is  35  feet  j)er  mile. 

This  result,  considered  in  conjunction  with  the  scattered  geological 
data  collected  on  either  side  of  the  Niagara  river  between  Buffalo 
and  Lewiston,  and  with  the  records  of  the  Buffalo  wells,  leads  to  the 
conclusion  that  the  bottom  of  the  Niagara  shales  was  pierced,  by  the 
drill  in  the  liuffalo  deep  well,  at  a  depth  of  710  feet,  and  that  the 
top  of  the  Medina  sandstone  was  struck  at  a  depth  of  760  feet,  so 
that  the  drill  in  this  well  was  stopped  in  the  Medina  formation,  545 
feet  below  its  upper  limit.  In  this  well  I  would  assign  a  thickness 
of  about  475  feet  to  the  Salina,  about  235  feet  to  the  Niagara  (both 
limestone  and  shales),  and  50  feet  to  the  Clinton. 

This  conclusion  is  of  great  importance,  since  it  establishes  a  new 
and  reliable  basis  upon  which  to  estimate  the  depth  to  which  any 
well  would  have  to  be  drilled  at  Buffalo,  in  order  to  reach  the  top 
of  the  Trenton  limestone,  and  thus  explore  for  the  existence  of  natu- 
ral gas,  geologically  the  same  as  that  found  in  such  great  abundance, 
more  particularly  in  sections  of  Ohio  and  Indiana.  The  depth  of 
such  a  well  would  depend  upon  the  thickness  of  the  Hudson  river 
and  Utica  formations,  which  would  have  to  be  drilled  through  before 
reaching  the  Trenton.* 

2.  Natural-Gas  Explorations  near  the  Niagara  Eiver. 

Since  the  publication  of  my  paper  on  "  Petroleum  and  Natural 
Gas  in  New  York  State"  I  have  collected  a  large  number  of  addi- 
tional facts,  relating  to  natural-gas  explorations  at  Port  Colborne 
in  Ontario,  and  at  Tonawanda  and  Buffalo  in  New  York,  which,  on 
account  of  the  practical  attention  directed  to  this  subject  at  the  pre- 
sent time,  will  doubtless  prove  of  interest  in  this  connection. 

Gas  at  Port  Colboime. — Four  wells  have  been  drilled  at  Port  Col- 
borne, all  of  which  were  commenced  in  the  Corniferous  limestone, 
or  in  the  Erie  clay  which  immediately  overlies  it. 

In  1866  a  well  was  drilled  a  half  a  mile  west  of  Port  Colborne. 
At  the  depth  of  800  feet  the  tools  were  lost,  and  were  never  recov- 
ered. No  oil  was  found,  but  a  small  quantity  of  natural  gas  was 
obtained,  and  is  reported  to  have  been  used  in  a  farm-house  near  by. 
It  evidently  came  from  the  upper  part  of  the  Medina  sandstone. 

*  Wells  are  now  being  drilled  at  Thorold  and  St.  Catherines,  on  the  Ontario 
peninsula,  to  explore  the  Trenton  limestone. 


THE  GEOLOGY  OF  BUFFALO,  ETC.  403 

In  the  village  of  Port  Colborne  three  wells  have  been  drilled  by 
a  number  of  the  citizens,  and  by  the  Port  Colborne  Natural  Gas 
Light  and  Fuel  Company. 

Well  No.  1  was  drilled  about  825  feet  deep.  Gas  was  first  struck 
at  764  feet,  and  the  sand,  reported  to  have  produced  gas  below  this 
point,  was  58  feet  thick.  Salt  water  was  struck  at  452  feet,  and  was 
cased  off  at  455  feet.  The  gas  in  this  well  came  from  the  upper 
part  of  the  Medina  sandstone. 

Well  Xo.  2  was  drilled  by  Mr.  O.  C.  Richardson  to  a  depth  of 
770  feet.  Gas  was  first  struck  at  752  feet  6  inches,  evidently  in  a 
higher  stratum  than  that  in  which  the  gas  was  struck  in  well  No.  1. 
The  surface-water  in  this  well  was  cased  off  at  lfi8  feet.  Salt  water 
was  struck  below  the  bottom  of  this  casing,  but  not  shut  off.  After 
the  completion  of  the  well  the  water  was  cased  off  by  a  1^-inch 
tubing,  which  rests  in  a  packer  30  feet  above  the  top  of  the  gas-sand. 

Well  No.  3  was  drilled  1500  feet  deep,  and  is  still  in  the  Medina 
sandstone.  The  principal  gas-vein  was  struck  in  this  well  at  763 
feet,  in  the  upper  part  of  the  Medina  sandstone.  Small  shows  of  gas 
were  also  reported  to  have  been  found  at  202  feet  in  a  drab  lime- 
stone; at  278  feet  in  a  greenish  shale;  and  at  413  feet  in  a  drab 
limestone.  A  summary  of  the  section  of  the  rocks  bored  through  in 
this  well  has  already  been  given.  A  very  small  quantity  of  gas  is 
got  from  these  wells.  It  is,  however,  being  used  for  light  and  fuel 
in  several  dwellings  in  Port  Colborne.  The  drilling  of  all  the  Port 
Colborne  wells  was  badly  managed,  inasmuch  as  in  no  one  of  them 
was  the  salt  water  absolutely  shut  off.  The  water  operates  very 
much  to  the  injury  of  the  wells. 

Gas  at  Tonaicanda. —  Five  wells  have  been  drilled  in  New  York 
State  in  the  vicinity  of  Getzville,  6  miles  southeast  of  North  Tona- 
wanda.  The  first  was  drilled  about  twenty-two  years  ago  to  a  depth 
of  about  1400  feet.  It  was  drilled  wet,  and  for  fourteen  years  a  con- 
siderable quantity  of  water  and  gas  was  discharged.  The  flow  of 
water  from  the  well  became  a  nuisance,  and  several  years  ago  it  was 
plugged.  About  the  same  time  two  other  wells  were  drilled,  but  no 
record  was  kept  of  their  total  depth. 

These  wells  were  all  drilled  to  explore  for  oil,  and  not  for  natural 
gas.  The  old  wells  have  recently  been  cleaned  out,  and  the  water 
has  been  cased  off. 

Within  the  past  two  years  two  new  wells  have  been  drilled,  and 
it  is  estimated  that  the  total  production  of  all  the  five  wells  is  about 
250,000  cubic  feet  of  gas  per  day.  The  wells  are  within  an  area  of 
a  half  a  mile  square. 
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The  drift  which  overlies  the  bed-rock  in  tiie  vicinity  of  tlie  wells 
ranges  from  50  to  55  foet  thick,  and  the  depth  at  which  the  main 
gas-tlow  was  struck  ranges  from  420  to  4t,0  feet,  although  a  small 
amount  of  gas  was  got  in  several  wells  at  a  depth  of  about  200  feet. 
About  20  feet  below  this  upper  gas-vein  a  salt-water  vein  was  en- 
countered. The  Niagara  foraiiation  contains  the  reservoir-rock,  from 
which  the  lower  and  principal  gas-flow  is  obtained. 

The  gas  from  these  wells,  after  being  confined  for  five  minutes, 
accumulates  a  pressure  of  75  pounds  to  the  square  inch,  which,  after 
continued  confinement  for  from  fifteen  to  twenty-four  hours,  has  risen 
to  175  pounds  per  square  inch.  A  company  has  been  organized  for 
introducing  this  gas  into  the  village  of  North  Tonawanda. 

Gas  at  Buffalo. — The  Buffalo  Cement  Company  have  drilled  eight 
exploration-wells  near  Buffalov  Special  reference  has  already  been 
made  to  four  of  these  in  my  paper  on  "  Petroleum  and  Natural  Gas 
in  New  York  State,"  already  cited. 

Well  No.  1  was  drilled  with  a  diamond  drill  to  4902^  ^^^^  ^"*^ 
stopj)ed  in  the  lower  part  of  the  Salina  shales,  I  have  recently  ex- 
amined a  complete  core  preserved  of  the  strata  ])assed  through  by 
this  well,  and  they  conclusively  prove  that  the  lower  shales,  slates 
and  limestones  drilled  through  belong  to  the  Salina  group. 

Well  No.  2  was  drilled  in  1884  to  1305  feet.  A  division  of  the 
strata,  which  I  have  made  from  facts  communicated  to  me  both  by 
Dr.  Pohlman  and  Mr.  Bennett,  I  have  already  given. 

Well  N(5.  3  was  drilled  in  May,  1887,  to  517  feet.  Six  months 
after  being  drilled  it  produced,  in  twenty-four  hours,  27,600  cubic 
feet  of  gas  from  a  pipe  1^  inches  in  diameter  at  a  point  805  feet 
from  the  well.  The  pressure  of  gas  in  well  No.  3  was  60  pounds 
per  square  inch  fifteen  minutes  after  the  well  was  closed,  and  the 
maximum  confined  pressure  at  the  end  of  twelve  hours  was  142 
pounds  ])er  square  inch. 

Well  No.  4  was  drilled  to  516  feet,  and  a  considerable  flow  of  gas 
was  struck  at  415  feet. 

Well  No.  5  was  drilled  to  525  feet,  and  gas  was  encountered  at 
the  same  depth  as  in  well  No.  4. 

The  exact  depths  of  wells  Nos.  6  and  7  have  not  been  reported  to 
me,  but  I  understand  they  were  drilled  to  practically  the  same  depth 
as  well  No. -5. 

In  well  No.  7  a  fair  showing  of  gas  was  found  at  519^  feet.  This 
well  was  completed  about  the  middle  of  October.  After  the  gas 
was  shut  in  the  well  it  showed   a  pressure  of  65  pounds  in  fifteen 
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minutes,  102  pounds  in  thirty  minutes,  and  123  pounds  at  the  end 
of  an  hour. 

Well  Xo.  8  was  completed  November  14th.  The  gas  in  this  well 
showed  a  pressure,  fifteen  minutes  after  being  closed  in,  of  65  pounds ; 
98  pounds  at  the  end  of  thirty  minutes,  and  120  pounds  at  the  end 
of  one  hour.  A  torpedo  was  subsequently  exploded  in  the  gas-rocl^. 
Some  time  after  the  explosion  the  gas  was  shut  in  the  well,  and  at 
the  end  of  fifteen  minutes  it  showed  a  pressure  of  100  pounds,  at 
the  end  of  thirty  minutes  114  pounds,  and  at  the  end  of  forty-five 
minutes  119  pounds,  when  the  gas  began  to  leak  around  the  casing, 
and  no  effort  was  made  to  obtain  a  higher  pressure.  Mr.  Bennett 
believes,  however,  that  the  pressure  of  the  gas  in  this  well  would 
have  risen,  at  the  end  of  an  hour,  to  125  pounds. 

The  total  depth  of  well  No.  8  is  560  feet.  The  principal  gas-flow 
was  obtained  from  the  rock  between  548  and  554  feet  in  depth.  The 
strata  to  50  feet  in  this  well  seem  to  be  more  solid  than  in  No.  7. 
A  permanent  flow  of  water  was  struck  at  28  feet,  and  gradually  in- 
creased to  the  depth  of  225  feet,  where  the  well  was  cased  and  ren- 
dered dry. 

Wells  3,4  and  7  were  all  begun  at  the  bottom  of  the  cement-rock 
which  is  quarried  by  the  Buffalo  Cement  Conij)any,  and  wells  Nos. 
5,  6  and  8  were  commenced  above  the  same  rock. 

The  tidal  elevation  of  the  gas-producing  rock  in  all  these  wells 
is  practically  the  same,  any  variation  as  to  the  depth  of  tiie  gas- 
})roducing  horizon  in  the  wells  being  due  to  the  difference  in  the  ele- 
vations of  the  tops  of  the  wells. 

The  total  production  of  the  Buffalo  Cement  Company's  gas-wells 
to  November  1st  has  not  been  measured  ;  but  the  Company  had  used 
in  their  works  up  to  that  date  and  since  April  9th,  1888,  when  the 
gas  was  first  introduced,  13,032,000  cubic  feet  of  gas.  The  daily 
production  of  the  wells  on  November  1st  was  80,000  cubic  feet,  of 
which  74,000  cubic  feet  was  utilized  for  the  generation  of  steam  and 
6000  cubic  feet  for  heating  purposes. 

No  statement  has  been  made  by  the  company  as  to  the  saving 
effected  by  the  use  of  natural  gas  after  charging  all  costs  of  drilling,, 
etc.,  over  and  above  the  use  of  bituminous  coal,  but  Mr.  Bennett 
asserts  that  the  natural-gas  enterprise  of  his  company  has  proved  a 
profitable  one. 

The  available  heat-units  contained  in  the  Buffalo  natural  gas  are 
practically  the  same  as  those  of  the  Wilcox  natural  gas,  which  is 
piped  from  McKean  county,  Penna.,  8 o  miles,  to  the  city  of  Buffalo,. 
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and  is  distrihutod  tliroiigliont  the  citv  and  sold  for  20  cents  per 
thousand  cubic;  feet.  The  relative  value  of  this  latter  u^as,  as  com- 
pared with  anthracite  coal  fordoiuestic  consunij)tion,  can  be  gathered 
i'roni  a  report  received  from  a  prominent  citizen  :  "My  average  arv 
niial  consumption  of  anthracite  coal  was  16  tons  at  $4.50,  being  $72; 
my  natural  gas  for  one  year,  November  1st,  1<S87,  to  November  1st, 
1888,  was  21)7,100  cubic  feet  at  20  cents,  being  $59.42.  This  show- 
ing makes  18,569  cubic  feet  of  gas  equivalent  to  one  ton  of  hard 
coal ;  but  the  natural  gas  account  should  receive  credit  for  a  higher 
average  temperature  to  which  our  iiouse  was  heated,  which,  of  course, 
I  cannot  estimate;  but  I  consider  it  fair  to  say  that  we  have  kept 
our  house,  with  natural-gas  fuel,  at  an  average  of  3  to  5  degrees 
higher  than  we  ever  did  with  coal." 
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BY  "VnLLTAM  GLENN,  BALTIMORE,  MD. 

(New  York  Meeting,  February,  1SS9.) 

Almost  beyond  doubt,  the  most  important  contribution  to  tlie 
assaying  of  copper  yet  made,  is  that  of  Mr.  Eustis  {Trans.,  xi.,  120) 
on  the  "  Comparison  of  Various  Methods  of  Copper  Analysis," 
which  indicates  in  a  manner  for  which  the  assayer  cannot  but  feel 
grateful,  how  a  copper  sample  ought  to  be  treated  from  the  moment 
it  enters  the  laboratory  until  the  copper  is  finally  weighed. 

Admitting,  as  the  present  writer  is  inclined  to  do,  that  this  paper 
establishes,  as  the  official  standard,  the  method  of  electrolysis,  we 
may  note  as  one  of  the  few  details  which  it  does  not  finally  fix,  the 
kind  of  l)attery  most  desirable  for  precipitating  the  copjier  upon 
platinum.  In  this  respect  each  assayer  appears  to  be  a  law  unto 
himself,  while  all  feel  more  or  less  "shaky  "  as  to  the  results.  Clas- 
sen seems  to  suggest  a  remedy  when  he  directs  the  measuring  of  the 
gases  liberated  by  the  battery  employed.  But,  in  fact,  that  measure 
is  not  a  constant  in  the  Bunsen  elements  which  he  prescribes  for 
copper  determination.  Furthermore,  measuring  gases  necessitates 
more  machinery  and  labor  than  the  average  assayer  has  a  stomach 
for.  It  is,  however,  but  just  to  Classen,  to  whom  we  owe  so  much, 
to  recall  that  He  wrote  more  especially  for  students  in  the  schools. 
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For  some  years  previous  to  the  reading  of  Mr.  Eustis's  paper,  the 
writer  had  been  experimenting  with  batteries  of  different  types, 
variously  charged,  without  finding,  up  to  that  time,  anything  better 
than  gravity-cells.  Even  these,  the  most  constant  sources  of  elec- 
trical energy,  were  uncertain.  One  could  never  feel  sure,  in  leaving 
the  laboratory  at  evening,  in  what  condition  the  assays  would  be 
found  next  morning.  Any  considerable  fall  in  the  temperature  of 
the  laboratory  was  almost  certain  to  spoil  the  work,  even  though  the 
current  had  been  right  when  the  deposition  of  copper  was  begun ; 
and  it  was  not  rare  to  have  assays  fail  of  precipitation  without  any 
apparent  reason  whatever.  It  began  at  last  to  seem  probable  that  a 
constant  current  might  be  the  very  thing  most  to  be  avoided.  It 
had  been  evident  always  that  a  dense  solution  of  copper  gave  its 
metal  to  the  platinum  more  readily  than  a  dilute  one  ;  hence,  it 
might  be  possible  for  a  constant  current  to  precipitate  the  metal 
properly  at  first,  and  then  towards  the  end  of  the  electrolysis  fail  to 
do  so  at  all,  or,  at  least,  do  so  with  intolerable  slowness.  On  the 
other  hand,  a  constant  current  might  at  first  set  free  the  copper  in  a 
spongy  form,  while  later  on,  after  the  metal  had  mostly  left  the  solu- 
tion, it  might  have  precisely  the  proper  energy  to  precipitate  copper 
in  the  reguline  state. 

The  evidence  given  by  Mr.  Eustis's  co-workers  as  to.  batteries  was 
various,  and  not  entirely  convincing.  So  far  as  one  could  detect,  no 
two  of  the  workers  used  the  same  battery,  charged  identically.  But 
as  the  account  given  by  Mr.  Pitkin,  analyst  for  G.  H.  Nichols  &  Co., 
suggested  a  remedy  against  constant  currents  and  a  method  likely 
to  succeed,  the  writer  decided  to  work  upon  the  lines  indicated  by 
him.  Messrs.  Eimer  and  Amend  supplied  the  Bunsen  cell  of  1 
gallon  capacity  and  of  the  following  dimensions  in  centimeters  :  glass 
jar,  15  diam.  x  20.5  deep  inside;  rolled  zinc,  10  diam.  x  18.5  high; 
porous  cup,  7  diam.  x  19  high  ;  carbon,  2  x  5  x  22.5  high.  This  cell 
has  been  charged  in  various  ways,  at  different  times.  Entirely  satis- 
factory results  have  been  secured  with  the  following  solution  :  47° 
Beaume  sulphuric  acid  (1.48  sp.  gr.)  1  liter  ;  water,  1  liter  ;  sodium 
bichromate,  200  grammes.  An  equal  weight  of  potassium  bichromate 
may  be  used,  but  the  resulting  salts  are  more  likely  than  the  sodium 
salts  to  crystallize  in  the  cell.  It  will  require  500  c.c.  of  this  solu- 
tion to  fill  the  porous  cup  completely.  Into  the  outer  glass  jar, 
water  should  be  poured  to  the  depth  of  7  to  8  centimeters.  A  single 
cell,  charged  in  this  way,  will  in  one  night  precipitate,  in  a  clear 
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reguline  form,  the  copper  from  one,  two,  three  or  four  assays.  In 
several  years'  use,  the  writer  has  never  seen  a  single  failure. 

Within  a  few  months  after  learning  the  virtues  of  a  Bunsen  cell 
of  the  size  given  and  charged  in  the  way  named,  the  writer  was  in 
the  laboratory  of  the  Orford  Coj)per  Company's  New  York  works, 
and  learned  from  the  chemists  there  that  they  had  adopted  the 
identical  cell  charged  in  the  same  way,  only  they  used  Pitkin's 
solution  of  hydrochloric  acid  and  potassium  bichromate,  as  set  forth 
in  Mr.  Eustis's  paper  already  cited.  The  Orford  chemists  precipi- 
tated the  copjier  on  a  platinum  cylinder,  from  60  c.c.  of  a  nitric  acid 
solution  of  cop]>er,  contained  in  a  small  beaker.  How  many  a^^says 
they  had  connected  to  a  single  cell,  I  cannot  recall,  but  believe 
there  were  six  of  them.  At  the  moment  I  saw  them,  precipitation 
was  complete,  and  the  copper  on  all  the  cylinders  was  bright  and 
clean. 

As  pointed  out  by  Mr.  Mackintosli  {Trans.,  x.,  57),  it  is  probably 
best  to  use  for  electrolysis  a  sulphuric  acid  solution  of  copper;  and 
moreover,  the  metal  once  precipitated  from  such  a  solution  may  be 
allowed  to  remain  in  the  solvent  used,  and  weighed  entirely  at 
leisure.  This  is  no  small  consideration  when  we  recall  that  the 
Bunsen  cell  ceases  to  act  before  one  reaches  the  laboratory  in  the 
morning.  With' no  current,  nitric  acid  would  slowly  redissolve  the 
co])per. 

My  own  practice  is  this :  upon  2  grammes  of  any  copper-bearing 
product  (except  bar-copper),  placed  in  a  beaker  of  2  in.  diam.  and 
5J  in.  depth,  is  poured  at  once  a  mixture  of  3  c.c.  concentrated  sul- 
phuric acid  and  17  c.c.  concentrated  nitric  acid.  The  beaker  is  then 
quickly  covered,  and  set  upon  a  cast-iron  plate  f  in.  thick,  under 
which  is  a  lighted  (really  good)  Bunsen  burner,  care  being  taken 
that  the  beaker  be  not  nearer  the  flame  than  six  inches,  because, 
otherwise,  sulphur  liberated  and  fused  might  spoil  the  assay.  When 
all  turbulent  action  has  ceased,  the  beaker  is  uncovered,  placed  four 
inches  from  the  flame,  and  permitted  to  evaporate  to  dryness.  It  is 
then  moved  immediately  over  the  flame,  and  left  until  SO3  fumes 
come  off  freely.  One  must  here  be  certain  that  no  nitric  acid  re- 
mains, or  it  may  happen,  as  it  did  with  sample  No.  5  of  the  series 
given  below,  that  considerable  copper  is  left  in  solution  after  electro- 
lysis. After  treatment  as  mentioned,  the  mass  within  the  beaker  will 
always  be  found  spongy,  without  sulphur-balls,  and  at  no  time  will 
bumping  or  spirting  occur.  To  the  cool  mass,  about  60  c.c.  of  water 
may  be  added,  and  the  vessel  returned  to  the  hot  plate,  to  heat  and 
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boil  a  half-hour.  Filter  into  a  100  c.c.  measuring-flask  ;  make  up 
to  the  mark;  and,  by  means  of  a  50  c.c.  pipette,  transfer  in  equal 
portions  into  two  100  c.c.  beakers.  Electrolyze  both  solutions,  using 
cylinders  3.3  by  3.8  cm.,  well  covered  by  the  solutions,  made  up  with 
■water.  For  the  other  terminal,  employ  preferably  a  cylinder  of  2 
cm.  diameter. 

Of  course,  one  may  electrolyze  but  a  single  solution  ;  but  in  that 
ca.se  the  flask  and  pipette  must  be  in  agreement,  and  the  measuring 
accurately  performed. 

If  the  work  be  important,  after  the  copper-plated  platinum  cylin- 
ders are  withdrawn  for  weighing,  both  residues  should  be  poured 
together,  heated  to  boiling,  removed  from  the  flame  and  treated  with 
a  rapid  stream  of  HgS. 

The  precipitated  sulphide  may  be  filtered  off,  ignited  in  the  filter 
wrapped  by  a  wire,  the  ash  dissolved  in  2.5  c.c.  nitric  acid,  made 
alkaline  by  5  c.c,  ammonia  ^vater,  filtered  and  made  10  c.c.  with 
wash-water.  The  copper  is  estimated  with  KCy  of  the  strength  of 
6  grammes  to  the  liter  of  water.  Below  are  given  five  determina- 
tions from  a  random  page  of  tiie  writer's  note-book,  showing  what 
was  found  on  the  two  cylinders,  and  what  in  the  two  residues  com- 
bined. 


No, 


Kind  of  Material. 


Bar-copper.. 
Matte , 

Sulphide-ore 

(I        i( 

Matte 


Copper 
on  No.l 
Cylin- 
der. 

Copper 
on  No.  2 
Cylin- 
der. 

.7335 

Found in 
Residues 
of  Elec- 
trolysis. 

Per  cent, 
of  cop- 
per in 

Sample. 

.7352 

.0007 

97.78 

.2221 

.2216 

.0006 

44  42 

.1204 

.1212 

.0005 

12.10 

.1210 

.1212 

.0010 

12.16 

.4573 

.4562 

.0033 

45.84 

Quantity  used  for  Assay. 


^jj  of  15.028  grammes. 
1  gramme  for  both  assavs. 
2 


As  already  observed,  the  solution  of  sample  5  contained  nitric 
acid. 

Certainly,  bar-copper  cannot  be  treated  by  this  method.  A  large 
quantity  of  the  proj)erly  broken  down  sample  should  be  dissolved 
in  nitric  acid,  a  known  part  of  this  evaporated  with  slightly  more 
than  the  quantity  of  sulphuric  acid  theoretically  required,  and  the 
sulphate  solution  electrolyzed.  In  the  sample  above  noted,  nearly 
1.47  grammes  of  copper  were  precipitated  by  the  single  cell.  It 
would  have  precipitated  equally  well  two  grammes,  and  so  one  is  at 
liberty  to  use  that  much  bar  copper  for  an  analysis,  when  the  method 
here  recommended  is  used.     In  this,  as  in  some  other  laboratories,  the 
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last  person  to  leave  at  evening  charges  the  battery.     The  morning 
following,  the  cylinflers  are  ready  to  he  weighed. 

Sometime  in  188-'^,  Mr.  Kiddie  and  Mr.  Iledley,  two  of  the  chemists 
at  the  Orford  Company's  New  York  works,  informed  the  writer  that 
they  had  come  to  mistrnst,  and  had  discarded,  ])latinnni  dishes  for  elec- 
trolytic work,  because  they  had  found  that  nitric  a(!id  solutions  of  cop- 
per compounds,  even  after  careful  filtering,  would  sometimes  deposit 
ferric  oxide  (or  some  other  oxide)  after  many  hours'  standing.  These 
oxides  would  be  weighed  in  the  dishes  and  reckoned  as  copper.  For 
the  same  reason,  tiie  writer  had  already  abandoned  dishes,  which  he 
had  on  hand,  and  adoj>ted  cylinders,  which  he  was  obliged  to  buy 
— thus  unconsciously  following  in  the  footsteps  of  the  two  chemists 


Fig.  1. 


FRAME  KOR    ELECTROLYTIC  CO PPE R- ASSAYS. 


quoted.  Moreover,  this  behavior  of  nitric  acid  solutions,  as  well  as 
the  work  of  Mackintosh  before  cited,  had  led  him  to  tiie  use  of  sul- 
phuric acid  solutions,  which  do  not  appear  to  deposit  anvthingupon 
long  standing.  Finally,  necessary  evaporation  from  dishes  cannot 
but  expose  to  oxidation  a  part  of  the  copper  precipitated  upon  them, 
while  cylinders  are  not  exposed  to  the  air  from  this  cause  or  any 
other. 

Precisely  wdiy  a  single  Bunsen  cell,  charged  as  directed  above,  will 
precipitate  in  a  bright  regidine  form  a  quantity  of  copper  however 
small,  or  however  large  up  to  two  grammes,  is  not  known  to  me.    As 
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a  matter  of  opinion  only,  I  should  say  it  is  because  the  current  is 
weak  while  the  copper  solution  is  densest,  and  thenceforth  increases 
at  a  rate  somewhat  commensurate  with  the  decrease  of  copper  in  tiie 
solution  under  treatment.     Be  that  as  it  may,  the  fact  remains. 

Since  neither  switches  nor  resistance-coils  are  required  in  the 
method  under  discussion,  a  simple  stand,  as  shown  in  Fig.  1,  is  suf- 
ficient to  hold  the  platinum  in  position. 

The  frame  here  represented  in  ^  its  natural  size,  is  of  pine.  The 
two  posts,  1  in.  square,  are  mortised  into  the  foundation,  which  is  8 
X  12  X  1 J  in.  thick.  The  board  at  the  top  is  If  in.  wide  and  10  in. 
long.  Into  this  are  screwed  binding-posts  (represented  by  circles), 
which  are  connected  in  two  series  by  a  wire  soldered  to  each  set.  It 
is  just  9  in.  from  the  top  of  the  board  down  to  the  foundation.  The 
blocks  supporting  the  beakers  are  2  in.  square  and  3|  in.  high.  The 
platinum  wires  should  be  protected  by  bits  of  flattened  brass  wire, 
from  the  marring  effects  of  binding-screws.  The  frame  may  be 
lengthened  to  accommodate  several  assays. 

To  wash  the  copper,  have  ready  three  small  beakers  of  water  and 
one  of  alcohol.  Slip  out  a  block,  remove  the  beaker  and  quickly 
wash  the  copper  by  means  of  the  beakers  of  water.  Remove  the 
cylinder  from  binding-post  and  set  it  in  the  alcohol.  Drain  off  the 
alcohol,  ignite  the  remainder,  cool  and  weigh.  No  dessicator  is 
necessary. 


A  EAPID  METHOD  FOB  THE  BEBUGTION  OF  FEBBIG 
SULPHATE  IN  YOLVMETBIG  ANALYSIS. 

BY  CLEMEKS  JONES,  HOKENDAUQUA,  PA. 

(New  York  Meeting,  February.  1889.) 

The  difficulties  attending  the  reduction  of  ferric  sulphate  in  the 
determination  of  metallic  iron  by  the  method  of  Marguerite,  are  often 
serious,  and  affect  time,  patience  and  accuracy.  They  depend  upon 
the  condition  and  purity  of  the  zinc  used,  the  state  of  saturation  of 
the  solution,  acidity,  and  temperature. 

D.  J.  Carnegie  [Chem.  News,  Ivii.,  No.  1481),  says  that  ferric  solu- 
tions are  instantaneously  reduced  by  the  use  of  zinc-dust.  But  there 
are  obvious  objections  to  its  employment  in  quantitative  work.    Dr. 
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Drown  found  that  "  a  concentrated  solution,  not  too  acid,  was  reduced 
by  5  i2;raminc.s  of  j)ulverized  zinc  in  two  or  three  minutes,  without 
other  heating  than  that  due  to  the  chemical  action."  15ut  the  zinc  in 
excess  of  the  stoichiometrical  aniount  must  be  dissolved.  This  lias 
been  the  main  obstacle.  I^arge  excess  of  sulphuric  acid,  heat,  or 
both,  must  then  be  employed  ;  and  either  involves  loss  of  both  time 
and  accuracy  in  the  volumetric  method. 

Marguerite's  method  is,  in  point  of  celerity  and  refinement,  the 
most  scientific  of  all  the  "iron  methods."  If  the  iron  solutions 
have  been  properly  prepared,  the  end-reaction  is  sharper  and  more 
quickly  obtained  than  by  any  other.  There  is  no  loss  in  testing  for 
final  oxidation,  as  potassic  ])ermanganate  is  its  own  indicator.  Be- 
sides, the  permanganate  solution  can  be  most  quickly  prepared,  and 
accurately  standardized. 

Hence  there  is  a  natural  preference  for  this  method  in  determin- 
ing metallic  iron.  It  permits  direct  and  rapid  titration.  Only  fa- 
cilitate the  reduction  of  the  ferric  sulphate,  and  it  is  the  most  valu- 
able of  all  methods,  combining  the  utmost  rapidity  with  the  highest 
accuracy  attainable. 

There  is  no  difficulty  in  obtaining  iron  as  ferric  sulphate;  but  the 
reduction  of  this  to  the  ferrous  state  has  hindered  the  precision  of 
the  permanganate  method.  Discrepancies  in  results  are  all  to  be 
set  down  to  the  errors  introduced  in  the  reduction  with  zinc.  The 
care  to  secure  complete  reduction — how  frequently  is  it  lost  through 
the  presence  of  a  minute  grain  of  zinc,  washed  down  from  the  neck 
of  a  flask  in  titrating,  and  how  derisively  tossing  up  a  little  chain 
of  hydrogen  bubbles  !  Again,  a  very  hot  solution  will  decompose  an 
excess  of  reagent.  And  moreover,  as  I  shall  again  remark,  it  is 
probable  that  the  largest  impurity  in  pulverized  zinc  is  not  iron, 
as  heretolbre  supposed,  but  carbon. 

The  size  of  the  particles  of  the  pulverized  zinc  employed  in  the 
method  which  this  paper  describes,  is  determined  by  passing  through 
a  40-mesh,  ni)on  a  60-mcsh  sieve. 

Observing  the  action  on  zinc  of  ferric  solution  in  sulphuric  acid, 
I  noticed  that  in  all  cases,  with  practically  the  same  amount  of  acid 
and  zinc,  the  latter  dissolved  more  rapidly  when  the  solution  was 
more  highly  saturated  with  ferric  salt;  that  the  time  for  reduction, 
under  the  conditions  mentioned,  was  dependent  on  the  strength  of 
the  ferric  solution.  This  was  evidence  that  a  sufficient  number  of 
zinc  particles  should  be  exposed,  in  a  proper  ratio  to  the  ferric  salt; 
that  each  molecule  takes  the  same  time  to  reduce,  when  unaffected 
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by  its  unreduced  neighbor,  which  is  the  time  of  contact;  and  that, 
therefore,  were  each  molecule  presented  to  new  particles  of  zinc  suc- 
cessively reduction  would  be  instantaneous.  Filtering  the  ferric 
solution  through  pulverized  zinc  would  then  demonstrate  this  fact, 
which  I  found  to  be  the  case  :  A  solution  of  ferric  sulphate  is.  instan- 
taneously and  completely  reduced  by  filtering  through  pidverized  zinc. 

The  apparatus  figured  below  was  designed  for  the  rapid  reduction 
of  ferric  solutions.     It  consists  of  two  cups,*  A  and  B,  of  about  300 

Fig,  1. 


Eeductor,  for  the  Keduction  of  Iron  Solutions  by  Filtration  through  Zinc. 


c.c.  capacity,  the  outlets  of  which  connect  alternately,  by  means  of 
a  3- way  cock,  C,  into  the  joint-tube,  D.  This  tube  is  provided  with 
a  packing  space,  d,  which  is  filled  with  an  asbestos  roll,  kept  in 
place  by  a  ring  of  cork.     The  tube  moves  up  and  down  freely.     At 


*  I  find  this  form  of  cup  not  so  convenient  as  the  bulb-shape  of  a  separatory 
funnel  of  the  same  capacity. 
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its  lower  end,  e,  it  is  ground  to  fit  the  detachable  tube,  E.  This  is 
for  the  |)ulverized  zinc,  and  at  its  lower  end  has  a  stoj^per,/,  ground 
to  fit  the  titrating  flask,  F,  of  about  700  o.o.  capacity.  The  stop-cock, 
G,  connects  with  the  va('uuin-i)uinj>.  The  tube,  E,  is  disconnected  by 
])ushing  it  up,  grasping  the  neck  of  the  flask  with  one  hand,  remov- 
ing with  the  other  tiie  round  block  which  supports  the  flask,  and 
thou  detaching  the  flask,  F.  The  tube,  E,  now  rests  on  the  little  shelf 
shown  in  the  cut.  This  is  drawn  out,  and  frees  the  tube  at  its 
ground-joint,  c. 

A  wad  of  fine  glass  wool,  sufficiently  thick  to  make  a  good  filter, 
is  inserted  into  the  tube,  and  the  |)nlverized  zinc  is  filled,  over  this, 
for  four-fifths  the  length  of  the  tube.  This  holds  about  300  grammes, 
which  is  enough  for  60  filtrations.  The  tube  is  then  replaced  by 
reversing  the  manner  of  removal,  connection  is  made  with  the  filter- 
pump,  and  the  apparatus  is  ready  for  use.  It  is  first  necessary  to 
wash  the  column  of  zinc  with  dilute  sulphuric  acid.  This  acid 
is  made  up  of  one  part  of  acid  of  1.84  sp.  gr.  to  two  parts  of  dis- 
tilled water,  and  is  used  throughout  in  all  work  upon  iron  determi- 
nations. Of  this  about  30  c.c.  is  taken,  transferred  to  the  cup.  A, 
and  diluted  to  300  c.c.  Stop-cock,  G,  is  opened  for  suction,  and  then 
the  three-way  cock,  C,  is  turned  to  discharge  the  cup,  A.  A  vacuum 
of  5  to  G  pounds  or  more,  gauge-indication,  must  be  used,  since  the 
large  volume  of  disengaged  hydrogen  retards  the  filtration.  The 
cuj)  and  the  column  of  zinc  are  then  washed  free  from  acid  by  five 
rinsings.  This  operation  is  repeated  four  times,  and  is  then  finished 
for  this  tubeful  of  zinc. 

Below  is  a  series  of  trials,  undertaken  to  determine  the  proper 
correction  for  iron  in  the  zinc.  Owing  to  the  small  amount  of  re- 
agent required  for  the  end-reaction,  it  was  impossible  to  obtain  a 
reading  under  0.1  c.c.,  which,  as  will  be  seen  further  on,  is  too  much 
for  even  so  hirge  a  quantity  of  zinc. 

No.  of  Test.  Amount  of  KsMiuO  e 

c.c. 

1 0.4 

2 0.2 

3 0.13 

4 0.12 

1 0.4 

2 0.2 

3 0.15 

4 0.13 
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No.  of  Test.  Amount  of  KzMn.Pg 

c.c. 

1 0.4 

2 0.15 

3 0.13 

4 0.11 

1 0.4 

2 0.2 

3 •      .  0.13 

4 0.1 

These  were  made  at  different  times  upon  new  quantities  of  zinc, 
and  with  solutions  of  K2Mn208,  of  slightly  varying  strength.  Be- 
yond the  fourth  trial  in  each  case,  it  was  impossible  to  get  less  than 
one  drop  of  the  reagent  into  the  solution.  This  is  nearly  0.1  c.c. 
and  in  every  instance  gave  a  strong  coloration.* 

Evidently  the  largest  amount  of  iron  in  the  zinc  is  only  on  the 
outside  of  the  particles,  as  the  quantity  dissolved  in  the  reductor  is 
less  than  five  grammes  for  each  filtration.  By  the  ordinary  method 
of  dissolving  all  the  zinc,  the  correction  is  rarely  below  0.15  c.c.  for 
5  grammes. 

Exactly  the  same  procedure  is  adopted  to  reduce  a  ferric  sulphate 
solution,  except  to  use  both  cups,  A  and  B.  After  the  first  is  emp- 
tied it  is  washed  with  cold  water  five  times.  This  incidentally  cools 
the  column  of  zinc  and  retards  unnecessary  solution.  The  other 
cup  is  then  connected  by  turning  the  3-way  cock,  C,  and  washed  in 
like  manner.  In  each  case  this  suffices  to  free  the  apparatus  from 
all  traces  of  iron  or  sulphuric  acid,  G  is  then  closed,  the  3-way 
cock  is  turned  again  to  relieve  the  pressure,  and  the  flask  is  removed. 
Time  for  reduction,  2  minutes. 

Solutions  obtained  in  this  way  are  beautifully  clear  and  perfectly 
reduced.  The  volume  and  temperature  are  practically  constant: 
tlie  former  being  about  400  c.c,  and  the  latter  about  40°  centigrade. 
Uniformity  marks  the  entire  process,  and  there  is  a  minimum  quan- 
tity of  zinc  sulphate.  Dilute  solutions  must  be  used.  There  should 
be  not  over  50  c.c.  sulphuric  acid  in  300  c.c.  of  the  ferric  solution 
ready  for  reduction. 

An  experiment  was  tried  in  reducing  the  solutions,  after  oxida- 
tion, u.sed  in  standardizing  the  permanganate.  Iron  wire  taken  at 
.996  Fe. 

Standardization. 

Weight  of  Wire,  grm.    KoMnjOs  c.c.       Reaction.  Factor. 

No.  1.  0.1271  16.48  Tinged  1  c.c.  =.007681  Fe 

No.  2.  0.12175  15.78  Sharp  1  c.c.  =  .007684  Fe 

*  I  have  since  obtained  a  reading  down  to  0.03  c.c.  by  closing  the  burette-tip. 
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Reduction  of  these  Solutiont<. 
Ueduetinn.        KoMiioOj  c.c.      Reaction. 
No.  L  cotnplete  16.42  Tinned 

No.  2.  "  15.8  Sharp 

This  treatment  applied  to  a  hematite  ore,  gave  (No.  2969): 


NVi-itjht  of  Ore,  grin.       KciUicti 

on. 

K; 

.MiijO, 

c.c. 

Reaction. 

Iron,  Per  cent. 

No.  1.         0.1  VJ?                   complete 

7.2 

Tinged 

34.7207 

No.  2.         0.1526 

7.2 

sharp 

34.7441 

(Reverted  :  filtered  through  the  Reductor.) 

No.l. 

7.2 

sharp 

No.  2.                                                " 

7.2 

<« 

Direct  determination  of  metallic  iron  in  the  wire  u.sed  in  standard- 
izing gave  the  following  results:  weight  of  wire,  0.12405  grm.  dis- 
solved   in    sulphuric    acid    and    oxidized.     Reduced    by   filtration. 

Reduction.  KaMnoO,  c.c.  Reaction.  Iron,  Per  cent. 

Complete  16.07  sharp  99.5420 

Factor,  Ice.  K2Mn208  =  .007684  Fe. 

Solution  again  reduced  by  filtration.  Reduction  complete.  KjMnjOg, 
16.10  c.c,  as  compared  with  16.07  in  the  former  reduction.  Differ- 
ence, 0.03. 

The  apparent  correction  for  iron  in  the  zinc  is  the  increase  in 
last  reading,  or  0.03  c.c.  of  the  reagent.  Tinae  required  to  reduce 
and  titrate  this  solution  twice,  ten  minutes. 

While  the  apparent  correction  is  thus  0.03  c.c,  it  is  inadvisable 
to  use  it  as  a  constant,  since  the  true  correction  can  be  applied  for 
each  ca.se,  and  is  really  variable,  depending  upon  acidity  and  degree 
of  saturation. 

In  the  following  example,  the  test  of  a  hematite-ore  (No.  2922), 
carried  through  in  duj)licate,  the  ferric  sulphate  was  first  reduced  by 
the  usual  method  of  adding  the  zinc  to  the  solution,  and  then  entirely 
dissolving  it,  and  deducting  0.3  c.c  as  the  correction  after  titration. 
Each  solution  was  then  filtered  through  the  reductor,  and  on  the 
supposition  that  for  each  treatment  with  zinc  (on  account  of  filtra- 
tion), but  0.1  c.c.  is  to  be  deducted  ;  the  results  are  seen  to  be  coin- 
cident. By  "Reverted"  is  meant  filtered  through  the  reductor. 
The  value  of  1  c.c  K2Mn208  is  .007678  Fc 

Weight  of  Ore,  grm.  Reduction.  KoMnjOj       Correction.     Iron,  Per  cent. 

No.l.            0.1300  complete  7.4    sharp   0.3  =  7.1              40.06 

Reverted  "  7.3        "       0.2  =  7.1     =      40.06 

No.  2.           0.1379  "  7.49     "       0.3  =  7.19  =      40.03 

"              Reverted  "  7.39     "       0.2  =  7.19=      40.03 
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Another  (No.  2971),  with  a  difficultly-fusible  residue,  was  tried 
directly,  each  solution  being  reduced  twice  by  filtration.  Time  for 
reducing  and  titrating  in  duplicate,  twenty  minutes. 

Weight  of  Ore,  grm.  Reduction.  K2Mn20s  c.c.  Reaction.      Iron,  Per  cent. 

Xo.  1.            0.1505  complete              9.27  sharp 

2cl  trial,                                  "                       9  21  "         =     47.0230 

No.  2.           0.1823                     "                   11.29  " 

2d  trial,                                 "                    11.23  «        =    46.9132 

Assuming  that  for  ordinary  purposes  the  correction  obtained  by 
reverting  the  solution  used  to  standardize  the  permanganate  would 
be  a  safe  one,  I  have  applied  it  to  the  determination  of  iron  in  an 
ore  with  the  following  results: 


Standardization. 

Weight  of  Wire,  grm. 

KoMn208  c.c. 

Reduction. 

Correction  c.c. 

No.  1.        0.11915 

15.48 

"         Reverted 

15.55 

complete 

0.07 

Ko.2.        0.1261 

16.4 

"        Reverted 

16.44 

(( 

0.04 

Factor,  1  c.c.  KjMnsOg  =  .007664  Fe. 

Determination. 

(No.  2997)  Weight  of  Ore,  grm.       K2Mn20B  c.c.       Correction.         Iron,  Per  cent. 
No.  1.         0.1576  9  58  0.07     9.51  46.246 

No.  2.         0.2351  14.3  0.07  14.23  46.388 

In  like  manner  a  rich  hematite-ore  (Xo.  3066)  gave : 

No.  1.  Weight  of  ore,      0.2302  grm. ;  Metallic  iron,      60.03  per  cent. 
No.  2.         "         "  0.1645     "  "  •'  60.17 

Theoretically  a  neutral  or  nearly  neutral  solution  of  ferric  sulphate 
should  be  reduced  by  zinc  in  this  way  without  dissolving  the  latter 
appreciably,  at  least,  not  to  the  extent  of  introducing  the  error  due 
to  its  impurity.  As  nearly  satisfying  these  conditions,  by  the  use  of 
a  minimum  of  sulphuric  acid,  the  two  following  examples  afford  a 
remarkable  demonstration.  The  experiments  were  conducted  like 
the  foregoing.     Factor  1  c.c.  KaMugOg  =  .007656  Fe. 

No.  1.    Weight  of  Wire,  0.120S.5  grm.  Amount  of  K2Mn20B  c.c. 

1st  trial, 15.72 

2d  trial, 15.78 

No.  2.    Weight  of  Wire,  0.11315  grm.  K2Mn208  c.c. 

1st  trial 14.695 

2d  trial, 14.695 

Metallic  irou  99.432  per  cent. 
VOL.  XVII. — 27 
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There  appears  to  be  a  deeply-rooted  belief  that  iron  is  the  only 
impurity  in  pulverized  zine  which  reduces  th'fe  KoMnoO, ;  but  I  think 
the  error  is  in  nearly  all  cases  largely  due  to  the  carbonaceous  resi- 
due. Five  grammes  of  zinc  were  dissolved  in  sulphuric  acid,  and 
then  found  to  require  0.13  c.c.  of  Kj^In.Og.  After  oxidation,  a  test 
of  the  solution  gave  no  coloration  with  potassium  sulpho-cyunate. 
Oxidation  with  nitric  acid  gave  a  like  result. 

Twenty-five  c  c.  of  sulphuric  acid  were  diluted  to  300  c.e.,  and 
passed  through  the  reduetor.  K2^1ii208  required  0.05  c.c.  One 
drop  more  was  added,  and  the  solution  allowed  to  stand  until  clear. 
It  was  then  tested  with  potassium  sulpho-cyanate,  and  gave  7io  col- 
oration. A  like  experience  followed  in  repeated  trials  of  dissolving 
the  zinc  directly;  but  subsequent  treatment  of  these  solutions  with 
ammonia  and  filtration  gave  evidence  of  iron.  A  determination  of 
iron  in  the  zinc  used  in  these  experiments  gave  the  following:  5 
grammes  of  zinc  were  dissolved  in  sulphuric  acid.  KgMugOg 
required  0.1  c.c.  r=  0.0154  per  cent.  iron.  As  in  the  first  case,  5 
grammes  were  dissolved  and  the  solution  filtered  through  the 
reduetor.  K2Mn20g  required  0.12  c.c.  Increase,  0.02  c.c,  equiva- 
lent to  0.0030  per  cent.  iron. 

Mr.  P.  W.  Shimer  has  since  suggested  to  me  the  probability  of 
iron  or  raangane.se  existing  as  some  compound  in  the  black  carbona- 
ceous residue.  This  view  seems  confirmed  by  the  fact  that  ignition 
of  the  residue  leaves  a  small  fused  mass,  which,  on  dissolving  in 
hydrochloric  acid,  reveals  iron  by  the  sulpho-cyanate. 

May  not  this  residue  be  soluble  under  accidental  conditions  when 
exposed  to  the  action  of  the  solution  for  an  hour  or  more  by  the  old 
method  of  reduction  ?  I  have  frequently  noticed  that  it  is  perce})ti- 
bly  smaller  in  bulk.  Again,  if  the  solution  is  warm,  may  not  final 
oxidation  of  the  ferrous  salt  have  an  effect  in  dissolving  it? 

If  it  should  prove  to  be  a  carbon  compound,  the  reducing  action 
on  the  KjMngOg  would  be  increased  beyond  the  correction  for  iron 
as  ordinarily  obtained.  Filtration  undoubtedly  obviates  these  diffi- 
culties. 

As  touching  this  reducing  action,  the  following  experience  may 
be  cited  :  An  analysis  in  duplicate  by  the  old  method  gave  an 
unaccountable  difference  in  results.  The  one  solution,  with  the 
high  result,  was  noticed  to  have  a  dark  color  and  lustre.  Sub- 
sequently this  proved  to  be  due  to  a  very  finely  divided  sediment, 
apparently  carbon. 
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(No.  2978)  Weight  of  Ore,  grm.      Reduction.      KoMnaOgC.c.      Correction.      Iron,  Per  cent. 


Jso.  1.      0.'J174                    complete          11.75 

0.3 

40.47 

No.  2.      0.1795                         "                 11.12 

0.3 

46.31 

No.  2.  Reverted                       "                   9.61 

0.15 

40.49 

Factor,  1  c.c.  K2Mn208  =  .007684  Fe. 

Here  is  another  similar  case  : 


Weight  of  Ore,  grm. 

Reduction. 

KjMnoOa  c.c. 

Correction. 

Iron,  Percent. 

No.  1.        0.1951 

complete 

16.95 

0.18 

65.80 

No.  2.       0.1928 

i< 

15.6 

0.18 

60.92 

No.  1.    Reverted 

it 

15.9 

0.3 

61.21 

Factor,  1  c.c. 

K2Mn208  = 

.007656  Fe. 

The  following  test  of  an  ore  is  added  as  an  Illustration  of  the 
capability  of  this  method  for  rapid  redaction.     1  c.c.  =  .007671  Fe. 

Weight  of  Ore,  grm.       Reduction.       K2Mn208  c.c.        Correction.       Iron,  Percent. 
No.  1.      0.1566  complete  13.35  0.05  65.1496 

No.  2.      0.1820  "  15.51  0.05  65  1569 

Time  required  to  reduce  and  titrate  in  duplicate,  twenty  minutes. 

The  investigation  of  this  principle  of  reduction,  which  I  believe  to 
be  new,  has  been  governed  by  the  time  afforded  in  the  few  and 
brief  intervals  of  regular  technical  work.  I  think  the  method 
capable  of  still  further  advancement  and  application.  At  the  pres- 
ent stage  of  the  inquiry,  it  presents  the  most  rapid  and  accurate 
treatment  for  the  estimation  of  iron. 

The  apparatus  was  made  by  Emil  Greiner,  63  Maiden  Lane,  Xew 
York,  whose  intelligent  and  skilful  workmanship  has  been  of  great 
service  to  me. 


BIOGBAPHICAL  NOTICE  OF  ERICH  C.  SCHAUFUSS. 

BY   J.    n.  BOWDEN,  WILKES-BARRE,PA. 

(New  York  Meeting,  February,  1889.) 

On  the  night  of  January  23d,  1889,  Erich  C.  Schaufuss,  a  member 
of  the  Institute,  while  engaged  in  making  the  regular  mine-surveys 
in  Xo.  4  Slope  of  the  Susquehanna  Coal  Co  ,  at  Nanticoke,  Pa.,  was 
killed  by  an  explosion  of  fire-damp.  The  catastrophe,  which  cost 
another  life  also,  is  attributed  to  the  carelessness  of  the  "fire-boss" 
leading  the  party,  who  advanced  with  a  naked  lamp  into  a  chamber 
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where  a  body  of  gas  had  accumidated.*  The  result  was  apparently 
rather  a  rush  of  intense  flarne  from  the  igniting  gas,  tiian  an  explo- 
sion such  as  is  produced  by  setting  lire  to  dangerous  mixtures  of  gas 
and  air.  lUit  to  two  of  the  party,  Mr.  Owen,  who  was  killed  by 
the  ilanie,  and  the  subject  of  this  sketch,  who  was  suffocated  by  the 
after-damp,  it  proved  swiftly  fatal. 

Mr.  Schaufuss  was  born  in  Dresden,  Germany,  June  23d,  1856. 
His  lather  was  an  eminent  jurist,  having  obtained  the  honorable 
position  of  Gcrichtsrath.  He  received  a  thorough  education  at  the 
gymnasium,  and  afterward  at  the  University  of  Munich,  from  which 
he  graduated  as  an  architect.  While  at  Munich  he  was  an  officer 
in  one  of  the  royal  Bavarian  regiments.  In  1879,  Mr.  Schaufuss 
came  to  this  country,  and,  after  remaining  in  New  York  for  about  a 
year,  entered  the  service  of  Coxe  Bros.,  at  Drifton,  Pa.,  where  he 
worked  as  a  member  of  an  engineer  corps  for  two  years.  In  June, 
1882,  he  removed  to  Wilkes-Barre,  and  was  employed  by  the  Sus- 
quehanna Coal  Co.,  with  which  he  remained  until  his  death.  He 
had  risen,  through  faithful  work,  to  a  responsible  position,  and  was 
recognized  as  one  of  the  most  efficient  engineers  of  the  Company. 
Brave  almost  to  rashness,  he  never  hesitated  to  undertake  the  sur- 
vey of  the  most  dangerous  workings. 

He  was  unmarried,  and  had  no  relatives  in  the  United  States.  In 
Germany,  his  parents  having  died,  a  step-mother  and  several  mar- 
ried sisters  constitute  the  family  circle  which  mourns  his  death  as  a 
stranger  in  a  strange  land.  But  even  the  sorrow  of  his  kindred  can- 
not be  more  genuine  and  sincere  than  that  of  his  American  friends 
and  colleagues,  as  evinced  by  the  large  attendance  of  engineers  and 
others  at  his  funeral. 

He  was  elected  a  member  of  the  Institute  in  1883,  and  took  a 
great  interest  in  the  meetings,  the  last  of  which,  at  Buffalo,  he  at- 
tended in  person.  Two  weeks  before  his  death,  he  was  planning  to 
revisit  Europe  next  summer,  with  the  party  of  engineers  w  Inch  will 
comprise  so  many  of  our  members. 

*  As  a  matter  of  justice  to  the  accused  person,  and  a  wliolesome  warning  to  en- 
gineers, the  following  extract  from  tlie  report  of  the  Coroner's  inquest,  given  in  a 
Wilkes-Barre  paper,  is  here  inserted  : 

"  George  Elmey.  tlie  day  fire-boss,  testified  that  he  obeyed  his  orders,  telling  John 
Rudge,  tlie  night  fire-boss,  to  accompany  the  engineering  party,  lie  added  that  he 
had  cautioned  Kndge  to  nse  particular  care  in  the  sloping  breasts,  such  as  that 
in  which  the  explosion  occurred,  since  he  considered  them  particularly  dangerous 
in  case  the  air-currents  became  disarranged. 

"Three  of   the  engineering  party  testified,  giving  a  thrilling   account   of  the 
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BAIL-SECTIONS. 

BY  FREDERIC  A.   DELAKO,    CHICAGO,   ILL. 

/ 

(New  York  Meeting,  February,  1889.) 

The  subject  of  the  wear  of  rails  seems  to  have  attracted  an 
unusual  amount  of  interest  in  the  last  six  months,  and  in  the  hope 
of  doing  my  share  to  direct  opinions  in  what  seems  to  me  the  right 
direction,  I  will  attempt  to  discuss  briefly  the  several  ways  in  which 
the  shape  of  the  rail-section  may  affect  the  life  of  rails.  In  a  ]iaper 
presented  at  the  Boston  meeting  of  the  Institute  {Trans.,  xvi.,  594), 

tragedy.  They  testified  that  the  party  came  to  a  lialt  in  front  of  the  fatal  chamber; 
Scliaufuss  set  np  his  transit ;  then  he  and  Owen  went  to  look  for  marks  of  a  previous 
survey.  Near  by  was  a  canvas  door  which  served  to  turn  the  air-current  through 
the  chamber.  Though  they  lifted  the  canvas  and  passed  through,  the  door  was  not 
left  open.  On  returning,  Schaufliss  stood  at  the  transit.  Owen  was  off  to  the  right, 
and  Riley,  Snyder  and  Leiber  stood  near  the  transit.  Riley  held  the  reel  on  which 
the  steel  tape  was  wound.  Rudge  took  tlie  end  of  the  tape  and  started  up  the  steep 
slope  of  the  breast,  his  naked  lamp  on  his  hat  and  a  safety-lamp  in  his  hand.  Two 
of  the  witnesses  are  positive  as  to  the  lights  being  thus  carried.  When  he  had  pro- 
ceeded about  20  feet,  one  witness  says  he  saw  the  gas  ignite  from  the  naked  lamp, 
the  flames  sweeping  down  towards  the  party.  All  threw  themselves  on  their  faces 
and  the  flames  swept  over  them.  Their  lights  were  out  and  they  immediately  be- 
gan groping  their  way  out.  While  they  were  thus  occupied,  they  say,  a  second  ex- 
plosion took  place.  They  were  presently  overtaken  by  Rudge,  the  fire-boss,  his 
clothes  ablaze.  One  of  the  men  stopped  him  and  tore  the  burning  clothing  from  his 
back. 

"Relighting  a  lamp,  they  started  to  return  in  search  of  their  comrades,  Schaufuss 
and  Owen,  who  were  missing.  They  were  unable  to  reach  the  spot  on  account  of 
the  after-damp  and  dense  smoke  from  the  burning  timber.  Turner,  the  foreman, 
was  summoned  ;  and  he  made  a  similar  attempt,  but  was  driven  back.  Summon- 
ing other  assistants,  he  stationed  one  man  at  a  door  which  he  was  instructed  to 
open  for  an  instant,  then  close,  repeating  the  operation  constantly.  In  this  way  a 
part  of  the  air-current  was  diverted  from  other  parts  of  the  mine.  The  smoke 
being  partly  driven  out  of  the  deadly  chamber,  they  found  first  Owen,  who  had 
tried  to  run  through  the  flames  and  became  suffocated.  Then  they  discovered 
Schaufuss,  buried  by  a  scale  of  rock  splintered  from  the  roof  by  the  intense  heat. 
Schaufuss,  like  his  companions,  had  thrown  himself  on  his  face,  with  his  hands 
under  him,  to  save  them  from  the  flames.  His  clothing  taking  fire,  he  was  not 
aware  that  tlie  blaze  had  swept  by.  He  therefore  lay  still  too  long  and  was 
suffocated  by  the  after-damp.  The  explosion  was  very  light,  the  board  brattice  not 
being  destroyed.  JUie  heat,  however,  was  very  intense.  This  is  shown  by  the 
fact  that,  on  Monday,  Inspector  Williams  and  others  found  the  steel  tape  where 
Riley  had  dropped  it,  the  coils  being  solidly  united  by  the  melting  of  the  solder  on 
which  the  figures  are  engraved.  Just  24  feet  had  been  uncoiled.  The  hard  wood 
legs  of  the  transit  were  burned  up,  and  the  instruments  totally  destroyed. 

"  Rudge,  the  fire-boss,  asserts  that  on  entering  the  chamber  he  took  off  the  naked 
lamp  and  put  it  on  the  ground  at  the  entrance." 
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I  outlined  tlio  pi-iiicipal  causes  in  the  various  steps  of  manufacture 
which  mit:;ht  affect  detrimentally  the  service  of  steel  rails,  showing 
that,  in  my  opinion,  the  result  might  be  algebraically  represented 
by  an  equation  composed  of  a  number  of  variable  factors,  and  that 
it  was  not  possible  to  ensure  a  good  rail  by  fixing  any  single  one  of 
these.  In  the  present  paper,  on  the  other  hand,  I  shall  seek  to 
prove  that  the  design  of  the  rail-section,  independent  of  the  mate- 
rial used,  may  make  a  poorly-wearing  rail. 

The  designing  of  many  rail-sections  by  engineers  who  are  far 
from  being  experts  in  the  metallurgy  of  steel,  has  led  to  the  general 
acceptance  of  erroneous  principles  as  the  rules  for  such  designs. 
Until  very  recently,  it  has  been  assumed  that  the  more  metal  there 
was  in  the  head,  to  wear  away,  the  longer  the  rail  would  wear; 
and  it  has  been  the  practice,  in  adopting  heavier  sections,  to  put  all 
the  additional  weight  on  top  of  the  rail-head  of  a  very  much  lighter 
section.  Careful  investigation  on  a  number  of  railroads  has  shown 
that  of  the  rails  weighing  65  lbs.  per  yard  and  over,  the  greater 
part  have  to  be  removed  after  comparatively  trifling  abrasion, 
solely  because  they  are  no  longer  fit  for  a  smooth  track.  This 
is  evidence  of  error  in  the  principles  of  the  design  of  the  section. 

It  is  generally  admitted  that,  as  a  rule,  rail-sections  designed 
since  1879,  for  rails  of  65  lbs.  and  over,  have  not  given  entire  satis- 
faction. There  are  several  reasons  which  may  account  for  this : 
first,  a  constant  increase,  during  this  period,  of  wheel-loads  on 
engines  and  cars,  together  with  generally  higher  speeds;  secondly, 
new  methods  in  manufacture,  cheapening  the  cost  of  production  and 
possibly  producing  an  inferior  article;  thirdly,  mechanical  condi- 
tions in  the  rail  itself,  due  to  the  shape  of  the  rail-section. 

1.  The  first  cause  is  undoubtedly  a  real  one.  I  think  there  is 
evidence  that  the  elastic  limit  of  much  of  the  rail-steel  now  in  use  is 
often  actually  exceeded  by  the  strains  of  practice,  causing  a  flow  of 
metal,  which  is  then  abraded  by  the  wheel  flanges ;  and  the  result 
is  a  kinking  or  a  battering  of  the  rail,  which  condemns  it  for  a  good 
track.  Granting  the  existence  of  this  cause,  there  are  two  ways  of 
ameliorating  the  result;  one  is  to  increase  the  bearing-surface  of 
wheels  on  rails;  the  other,  to  raise  the  elastic  limit  of  the  metal, 
which  subject  I  shall  take  up  later  on.  * 

2.  With  regard  to  the  second  cause,  it  is  held  by  many  that  the 
enormous  production,  low  cost,  and  "improvements"  induced  by 
competition  have  involved  inferior  quality  of  product.  Many  well- 
informed  men  are  content  to  rest  on  the  simple  assertion   that  the 
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old  John  Brown  steel  gave  remarkable  satisfaction,  because  it  was 
made  of  a  good  iron  and  did  not  contain  more  than  .08  per  cent,  of 
phosphorus,  any  analysis  showing  more  being  grossly  inaccurate. 
If  they  are  satisfied  that  this  is  the  solution  of  the  problem  of  making 
a  really  good  rail,  why  do  they  not  try  their  .08  per  cent,  of  phos- 
phorus ?  Low  phosphorus  steel  can  be  made  to-day  with  more 
certainty  and  at  less  cost  than  ever  before.  The  only  question  is, 
whether  the  elimination  of  phosphorus  is  going  to  be  worth  what 
it  costs.  The  fact  that  as  many  Bessemer  charges  are  now  blown  in 
one  hour  as  were  formerly  blown  in  a  day,  is  pointed  at  as  evidence 
that  the  same  care  cannot  be  given  to  the  operation;  but" I  think 
men  really  conversant  with  the  turning-out  of  a  large  product  will 
maintain  that  almost  absolute  uniformity  in  the  iron  is  necessary  to 
keep  things  running  with  the  clock-work  regularity  required  for 
such  a  rate  of  production.  Indeed,  large  product  and  general 
smoothness  in  mill-operation  are,  to  my  mind,  an  indication  of  a 
uniform  product,  so  far  as  metal  in  the  rail  itself  is  concerned,  and 
seem  to  me,  therefore,  not  objectionable  on  that  score.  With  the 
rapid  rolling,  however,  particularly  the  rapid  blooming  or  breaking- 
down  of  large  ingots,  1  find  fault,  as  I  have  explained  at  some 
length  in  my  former  paper,  already  cited. 

3.  That  mechanical  conditions  in  the  rail  itself,  due  to  the  general 
design  of  the  rail-section,  can  have  any  important  effect  on  the  ser- 
vice-value of  rails  has  not  been  generally  admitted,  so  I  wish  to  lay 
particular  stress  upon  this  cause  and  attract  to  it  the  recognition 
it  deserves.  Speaking  in  general  terms,  that  form  of  rail  is,  in 
my  opinion,  faulty,  which  has  a  deep  massive  head,  a  wide,  thin 
base  and  a  thin  web,  connected  to  the  head  and  the  base  by  small 
fillets  only.  The  objection  to  this  form  and  the  advantages  which 
might  be  obtained  by  diiferent  proportions,  may  be  concisely  enumer- 
ated as  follows : 

a.  Such  a  form  necessitates  rolling  at  a  higher  temperature,  and, 
what  is  of  chief  importance,  finishing  at  a  higher  temperature  than 
permits  the  securing  of  a  well-forged,  compact  rail. 

h.  This  type  of  section  probably  encourages  the  use  of  a  higher 
percentage  of  manganese  to  reduce  the  number  of  second-quality 
rails;  and  this  production  of  second-quality  rails,  as  well  as  the 
additional  manganese,  figure  in  the  cost  of  the  rails  to  the  con- 
sumer. 

c.  Rails  with  heads  out  of  proportion  to  the  rest  of  the  section 
require  a  great  deal  more  cold-straightening,  because  it  is  impossible 
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to  know  how  much  bendinn;  or  ('iinih(>ring  such  a  rail  needs  in  its 
hot  state  in  order  that  it  shall  cool  straight.  This  is  certaiidy  a  very 
important  consideration. 

(/.  The  same  sort  of  disproportion  must  produce  corresponding 
dipprojiortions  in  the  rate  of"  cooling,  causing  internal  strains  which 
are  only  partly  dispersed  or  effaced  by  the  small  connecting  fillets. 

e.  A  section  having  these  internal  strains  exaggerates  the  effect 
of  any  impurity  which  may  chance  to  have  segregated  in  the  ingot, 
while  a  section  not  liable  to  these  strains  would  safely  admit  of  a 
generally  higher  carbon  steel  as  well  as  a  considerable  latitude  in 
composition. 

/.  It  is  not  economical  to  provide  for  an  abrasion  of  some  f  of  an 
inch,  or  even  more,  from  the  top  of  the  rail,  if  it  is  found  that  rails 
generally  fail  long  before  this  amount  has  been  abraded.  Instead  of 
providing  more  height  to  wear  away,  we  can  do  better  by  providing 
more  breadth  of  bearing-surface,  and  metal  of  a  higher  resistance 
within  the  elastic  limit. 

g.  Inasmuch  as  the  funnel-shaped  cavity,  dispersed  blowholes 
and  possible  impurities  exist  in  the  ingot  in  the  axis  of  its  length,  it 
follows  that  these  defects  will  exist  (especially  in  rails  made  from 
the  uj)j)er  part  of  the  ingot)  on  an  axial  line  which  passes  through 
the  rail-section.  It  follows  that  if  the  rail-section  has  50  to  55 
per  cent,  of  its  metal  in  the  head,  the  poorest  metal  is  enclosed  in 
the  head,  where  it  receives  the  least  amount  of  forging;  whereas,  if 
the  amount  of  metal  in  the  head  does  not  exceed  40  to  45  per  cent., 
this  poor  metal  occurs  in  the  thoroughly- worked  web  portions. 

The  foregoing  objections  seem  to  be  so  formidable  and  convincing 
that  I  am  glad  to  see  a  general  tendency  among  all  the  later  inves- 
tigators to  come  to  the  same  conclusions.  It  seems  to  me  that 
rail-sections  should  be  made  to  certain  definite  proportions,  regard- 
less of  the  weight  per  yard.  It  is  often  said  that  the  larger 
sections  will  admit  the  use  of  a  higher  carbon-steel;  but  this 
assertion  requires  the  proviso  that  the  heavier  section  shall  be 
similarly  ])roportioned.  One  seventy-four-pound  section  which  I 
liave  in  mind  could  not  be  safely  made  of  as  high  a  carbon  steel  as 
the  sixty-two-pound  section  from  which  it  has  been  schemed, 

AVhile  I  am  deej)ly  interested  in  the  recently  published  researches 
of  Mr.  I).  J.  Whittemore,  Chief  Engineer  of  the  Chicago,  Mil- 
waukee and  St.  Paul  Railroad,  and  agree  entirely  with  him  in  his 
conclusions  that  wheels  should  be  cylindrical  and  the  bearing-surface 
should  be  increased,  it  seems  to  me  that  a  rail-head  of  twelve  inches 
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radius  is  flat  enough.  Since  there  is  a  lateral  play  of  fully  half  an 
inch  for  the  average  car-wheel  on  an  average  track  (not  to  mention 
a  four  foot  nine  inch  gauge)  both  the  wheel  treads  and  the  rail-heads 
must  wear  to  a  curve.  On  the  other  hand,  if  the  rail-head  begins 
with  a  slight  top-curve,  it  would  take  no  longer  than  with  the  flat- 
topped  rail  to  assume  the  curve  of  the  average  wheel.  This  is  a 
subject,  however,  which  deserves  more  attention  than  I  am  able  to 
give  it  in  the  present  paper.  Mr.  Whittemore  has  ably  argued  the 
need  of  more  bearing-surface,  which,  after  all,  can  only  be  obtained 
by  widening  the  rail-head  ;  and  I  am  glad  to  quote  him  here,  as 
authority  for  the  need  of  wider  heads  for  our  rails.  The  reasons 
for  making  the  head  shallow,  as  well  as  wide,  have  been  recited. 
For  the  same  reasons  the  web  and  flanges  should  be  heavy,  with 
liberal  connecting  fillets. 

The  problem  is  to  increase  the  life  of  rails  without  greatly  en- 
hancing the  cost.  It  might  be  possible  to  make  a  sixty-pound  rail 
of  steel  worth  $75  per  ton  give  as  good  service  as  an  eighty-five- 
pound  rail  made  of  $30  steel ;  but  the  discovery  would  not  prove 
remunerative. 

With  regard  to  internal  fillets  and  flat  fishing-angles,  I  have  held 
the  extreme  view,  that  the  fillets  should  be  liberal  and  the  angles  of 
enough  slope  (certainly  not  less  than  15  degrees)  to  allow  really 
colder  rolling  than  is  anywhere  the  practice  in  this  country. 

The  specifications  which  I  append  as  a  conclusion  to  these  brief 
remarks  may  be  of  interest  to  some,  as  being  different  in  several 
particulars  from  any  other  rail  specifications.  They  were  drawn  up 
originally  fifteen  months  ago,  and  have  not  been  changed  in  any 
important  particular  since  that  time. 

Proposed  Specifications  for  Steel  Rails. 

1.  The  steel  used  in  the  rails  shall  be  made  by  the  Bessemer  or  by  the  Open- 
Hearth  process  and  shall  not  contain  more  than  xVff^hs  of  one  per  cent,  of  phos- 
phorus, as  determined  by  an  analysis  made  from  a  boring  into  the  center  of  metal 
of  the  rail-section  of  any  rail. 

2.  The  ingots  shall  be  poured  with  care,  and  the  moulds  filled  at  one  pouring, 
without  undue  spattering  of  the  sides.  No  sand  or  water  shall  be  thrown  upon  the 
ingots  after  pouring  ;  but,  on  the  contrary,  coke  or  charcoal-dust  shall  be  used.  In 
no  case  shall  rails  made  from  a  chilled  heat  or  a  bled  ingot  be  accepted  as  first- 
quality  rails. 

3.  Cold  moulds,  or  moulds  in  such  a  shape  as  to  require  more  than  a  hand-sledge 
to  free  them  from  the  ingot,  shall  not  be  used. 

4.  It  is  preferable  that  ingots,  when  taken  from  the  pit,  should  be  kept  erect  and 
60  heated ;  but  if  this  is  not  the  practice  of  the  rolling  mill  copipany  the  ingot 
shall  not  be  laid  on  its  side  until  it  is  certain  that  tlie  central  part  has  solidified. 
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5.  Blooming-rolls  of  forty  inches  from  center  to  center  shall  not  be  driven  at  a 
speed  exceeding  thirty  revolutions  per  minute,  and  larger  or  smaller  rolls  shall  not 
be  driven  at  a  speed  exceeding  this  in  linear  velocity.  (The  linear  velocity  of  an 
ingot  going  through  tiie  first  or  thirteen-inch  pass  of  a  pair  of  forty-incii  rolls, 
driven  at  a  speed  of  thirty  revolutions  per  minute  would  be  about  205  feet  per 
minute.) 

6.  No  nietal  sjiall  be  cut  from  that  end  of  the  bloom  which  corresponds  to  the 
"butt"  end  of  tiie  ingot. 

7.  From  that  part  of  the  bloom  which  corresjjonds  to  the  top  part  of  the  ingot 
an  amount  shall  be  cut  equalling  in  pounds  the  area  of  the  mean  cross-section  of 
the  ingot  in  inches,  or  as  much  more  as  is  necessary  to  secure  a  sound  pipe-free 
bloom. 

8.  The  number  of  the  charge  shall  be  stamped  distinctly  on  each  rail  and  the 
place  and  date  of  manufacture  rolled  on. 

9.  The  section  of  the  rail  rolled  siiall  conform  to  the  template,  and  a  variation  of 
more  than  a  scant  thirty-second  of  an  inch  over  or  under  tlie  template  height  shall 
not  be  allowed,  and  the  rail  must  be  made  close  enough  to  template  to  fit  the  splice 
properly, 

10.  The  weight  of  the  rails  per  yard  shall  be  kept  as  close  to  the  standard  weight 
per  yard  as  can  be  after  complying  with  the  conditions  of  clause  9. 

11.  The  rails  shall  be  drilled  for  the  bolts  of  the  splice-bar,  or,  if  necessary, 
notched  in  the  flange,  in  accordance  with  the  templates  and  diagrams  furnished  by 
the  railroad  company. 

12.  The  rails  shall  be  cut  at  right-angles  to  their  length,  and  be  at  60°  to  75°  F., 
within  one-quarter  of  an  inch  of  the  standard  length  of  thirty  feet.  No  shorter  length 
rails  shall  be  accepted  by  the  railroad  company,  except  under  special  provisions  of 
this  contract  for  such  acceptance. 

13.  Rails  shall  be  perfectly  straightened  in  both  surface  and  line,  without  any 
twists,  waves,  or  kinks.  Particular  attention  shall  be  given  to  having  the  rails 
free  from  "  camber,"  in  which  the  ends  droop,  and  also  free  from  any  flaws,  cracks, 
or  excessive  roughness. 

14.  The  rails  shall  be  finished  at  such  a  temperature  that  it  will  not  be  necessary 
to  allow  more  than  four  inches  for  contraction  on  every  thirty-foot  rail  sawed  imme- 
diately after  coming  from  the  finishing-pass  in  the  rolls. 

15.  One  rail-end,  which  must  correspond  to  what  has  been  the  ingot  top,  shall  be 
tested  for  each  heat  or  charge  by  a  drop-weight  of  one  gross  ton,  l\\lling  ten  feet 
on  the  rail-head,  midway  between  the  supports,  three  feet  apart.  (The  bearings  are 
to  be  of  iron  or  steel,  fastened  firmly  to  oak  framing  constructed  of  oak  timbers 
bolted  together  into  a  solid  floor,  and  this  supported  on  masonry  foundations  not 
less  that  four  feet  deep.  The  guides  are  to  be  smooth,  straight,  and  parallel.) 
Should  one  rail-end  be  broken  by  the  above  test,  two  similar  rail-ends  nmst  succeed 
in  enduring  the  shock,  or  else  cause  the  rejection  of  all  rails  in  that  same  heat.  It 
is  expressly  desired  that  the  rail-steel  shall  contain  as  high  a  percentage  of  carbon 
as  the  maker  is  willing  to  put  in  and  still  produce  a  rail  which  shall  endure  this 
drop-test. 

16.  The  representative  of  the  railroad  company  shall  at  all  times  be  allowed,  on 
request,  to  see  the  bona  fide  analyses  and  carbon-determinations,  as  made  by  the 
rolling  mill  company,  of  the  steel  used  in  making  these  rails. 
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HOLLOW  IB  ON  PIG-PATTERNS. 

BY   B.  F.  FACKENTHAL,  JR.,  RIEGELSVILLE,  PA. 

(New  York  Meeting,  February,  1889.) 

For  the  past  year  we  have  had  in  use  at  the  Durham  furnace  a 
set  of  hollow  pig-patterns  made  of  iron,  which  have  given  such  satis- 
factory results  that  I  think  a  description  of  them  would  be  of  interest 
to  the  members  of  the  Institute. 

Before  the  introduction  of  these  iron  patterns,  we  used  the  ordi- 
nary wooden  patterns,  made  in  the  usual  way  with  straps  of  iron 
along  the  sides  to  jDrotect  the  corners  from  wearing  off.  The  size 
and  shape  of  these  wooden  patterns  are  shown  in  Fig.  1. 


Fig.  I. 


Cross  Section 


„  Longitudinal   Section  ,,-    „ 
Wooden  Pig-Patterns     Scale   1  =  4"   a.a    I roo  Straps,!  xj^e 


When  the  patterns  were  new,  the  pigs  weighed  about  130  pounds 
each,  and  were  uniform  in  size,  and  the  moulding  was  clean. 
But  constant  use  soon  wore  the  patterns  away;  and  at  the  end  of  a 
few  months,  the  pigs  had  become,  in  consequence,  so  much  lighter 
that  the  moulding,  daily,  of  several  additional  beds  was  necessary  to 
accommodate  the  same  quantity  of  iron.  As  the  patterns  wear  away, 
the  moulding  becomes  ragged  and  the  pigs  rough.  Moreover, 
wooden  patterns  are  often  destroyed  by  fire.  I  have  known  an 
entire  set  to  be  destroyed  by  a  break-out  of  iron. 

The  iron  pattern  which  I  have  designed  is  free  from  all  the  ob- 
jections to  the  wooden  pattern,  being  not  only  more  durable,  but,  in 
the  long  run,  far  cheaper. 

The  iron  pattern  having  the  same  shape  and  size  as  the  wooden 
one,  is  made  of  the  best  flange-iron,  of  No.  13  gauge.  After  the 
sheets  have  been  cut  to  the  proper  size,  three  heats  are  required  for 
the  flanging.  At  the  first  heat,  each  piece  is  stamped  in  a  cast-iron 
form,  which   gives  the  proper  shape  to  the  bottom  part  of  the  pat- 
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tern,  as  sliowii  in  Fig.  2.  At  the  seeond  heat,  it  is  llani^t'd  at  6,  as 
shown  in  Fig.  3.  At  the  third  heat,  it  is  flanged  at  a,  giving  the 
pattern  its  final  shape,  as  shown  in  Fig.  4. 


Fig.  4. 


Successive  Stages  of  Flanging 

The  flanging  at  a  and  b  is  done  on  a  sqnare  mandrel. 

Care  shonld  be  taken  to  have  the  corners,  a  and  b,  left  full  and 
perfectly  square. 

It  now  remains  only  to  rivet  the  pattern  together,  and  put  the 
heads  or  ends  in.  The  ends  are  also  made  of  No.  13  flange-iron 
and  are  stamped  in  a  cast-iron  form  or  die  by  means  of  a  screw- 
punch,  the  iron  being  cut  to  the  proper  shape  before  stamping,  as 
shown  in  Fig.  5. 

Fig.  5, 


Fig.  6: 


Finished  End 


End  before  Flanging 


These  ends  can  be  made  very  quickly,  only  a  few  seconds  being 
required  for  the  stamping.  The  finished  end  is  shown  in  Fig.  6 
and  at  c  and  d,  Fig.  7. 

The  end  farthest  from  the  sow,  and  marked  d  in  Fig.  7,  is,  of 
course,  put  in  first,  the  flange  going  inside  of  the  body  of  the  pat- 
tern as  shown.  The  end  next  to  the  sow  is  then  put  in  with  the 
flanged  part  to  the  outside,  as  shown  ate  in  Fig.  7.     This  forms  the 
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handhold  for  drawing  the  pattern  out  of  the  sand.  The  rivets  are 
placed  about  1^  inches  apart,  and  are  all  countersunk  on  the  out- 
side, the  holes  being  drilled  after  the  pattern  is  flanged. 

A  finished  pattern  of  this  kind  weighs  no  more  than  a  new 
wooden  pattern  after  it  has  become  water-soaked.  Thinner  iron 
could  be  used;  but  I  have  thought  it  best  to  use  No.  13,  and  thus 


Longitudinal.s.ection  of  Iron  Pig-Patterns 


make  a  strong  pattern,  capable  of  withstanding  the  rough  usage  to 
which  pig-bed  patterns  are  subject.  The  patterns  which  we  have 
had  in  use  during  the  past  year  show  but  little  wear.  They  are 
smooth,  though  the  slight  oxidation  to  which  they  are  subject  pre- 
vents them  from  getting  very  bright.  While  we  have  had  no 
trouble  with  water  leaking  through  the  seams,  the  joints  remaining 
tight,  I  have  thought  that  it  would  be  an  improvement  to  braze 
the  joints.  A  very  neat  pattern  could  also  be  made  by  casting  it  of 
bronze ;  but  this  would  be  more  costly,  and  I  do  not  see  that  it  would 
be  any  better.  The  set  of  patterns  in  use  at  Durham  cost  about 
$1.75  each,  of  which  seventy-five  cents  is  the  cost  of  the  iron.  They 
can,  doubtless,  be  made  more  cheaply  when  the  men  become  more 
skilful  in  the  work. 


NOTE  ON  THE  KOEPE  SYSTEM  OF  WINDING  FROM 

SHAI TS. 


BY  JOHN  H.  HARDEN,    PHCENIXVILLE,  PA. 

(New  York  Meeting,  February,  1889.) 

The  Koepe  system  of  winding  from  shafts  is  the  invention  of  Mr. 
Frederick  Koepe,  Manager  of  the  Hanover  Coal  Mine,  Westphalia, 
one  of  the  collieries  worked  by  Krupp,  the  well-known  German 
ironmaster.     The  first  trial  of  the  system  was  made  at  the  Hanover 
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shaft,  and  proved  so  successful  tliat  several  engines  belonging  to  the 
same  owner  were  reconstructed  on  the  new  plan.  From  an  exami- 
nation by  inspectors  it  was  demonstrated  to  the  satisfaction  of  the 
German  government  that  the  system  was  not  only  in  every  respect 
more  economical  than  the  ordinary  method  of  hoisting,  but  had  also 
elements  of  greater  safety  to  recommend  its  universal  adoption. 
The  plan  has  since  been  adopted  at  several  mines  in  the  same 
district  and  others  in  France,  and  still  later  at  the  Bestwood  col- 
liery, near  Nottingham,  England.  The  principal  and  simplest 
form  of  the  Koepe  system  can  be  applied  to  existing  hoisting- 
machines  at  little  cost,  by  attaching  and  suspending  an  old  hoisting- 
rope  from  the  under-side  of  the  cage  at  the  top  of  the  shaft  and 
connecting  the  opposite  end  to  the  under-side  of  the  cage  at  the 
bottom  of  the  shaft.  This  balance-rope  may  hang  loosely  in  the 
shaft,  or  it  may  pass  round  a  tightening-sheave  at  the  bottom.  In 
this  way  all  the  parts  of  the  hoisting-apparatus  are  perfectly  bal- 
anced throughout  the  lift,  which  is  not  the  case  by  any  other  system 
of  adjustment.  There  are  several  modifications  of  the  system;  but 
the  principle  is  the  same  in  all  cases. 

The  advantages  claimed  for  the  Koepe  system  are  as  follows: 

1.  Balancing  the  hoisting-ropes,  thus  reducing  the  size  of 
engine,  consumption  of  fuel  and  cost  of  plant  for  a  given  duty. 

2.  The  same  engines  will  raise  a  given  load  from  any  depth  in 
the  shaft. 

3.  One  rope  only  is  necessary  instead  of  two. 

4.  Safety  from  over-winding. 

5.  Less  wear  and  tear  of  plant. 

The  benefit  will  be  more  readily  appreciated  by  taking  examples 
of  engines  fitted  with  parallel  drum,  in  comparison  with  the  Koepe 
engines  with  winding-pulley  and  counterbalancing  tail-rope.  This, 
according  to  the  greater  or  less  depth  of  shaft,  varies  from  35  to  64 
per  cent,  of  the  power  required  to  lift  the  unbalanced  load. 
Wherever  parallel  drums  are  used  it  is  possible  to  increase  the  duty 
of  the  engine  by  the  addition  of  a  balance-rope. 

Quite  recently  a  plan  has  been  adopted  at  a  Pennsylvania  col- 
liery, said  to  be  a  new  invention,  and  called  the  "Poore"  system, 
which  is  believed  to  be  nothing  more  than  a  modification  of  Mr. 
Frederick  Koepe's  invention. 

It  is  not  necessary  to  enter  into  further  particulars.  The  system 
will  be  found  fully  described  and  illustrated  in  the  Transactions  of 
the    Chesterfield   and   Derbyshire   Institute    of   Mining,    Civil   and 
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Mechanical  Engineers^  vols.  xi.  and   xii.,  1882-83.  from  which  I 
have  gathered  my  information. 

Discussion. 

Heebert  W.  Hughes,  Dudley,  England.  (Communication  to 
the  Secretary).  j\Ir.  Harden  has,  I  think,  scarcely  made  plain  the 
principle  of  Koepe's  system  of  winding.  Briefly  stated,  it  consists 
in  substituting  for  the  ordinary  cylindrical  drum  a  grooved  pullev 
round  which  the  rope  makes  rather  more  than  half  a  turn,  and 
thence  passes  over  the  pit-head  pulleys  and  down  the  two  divisions 
of  the  shaft.  The  balance-rope  beneath  the  cages  is  by  no  means  a 
peculiarity  of  the  system,  as  it  has  been  applied  for  a  long  time  to 
numerous  winding-engines  in  England,  where  ordinary  cylindrical 
drums  are  used.  Experiments  on  the  Koepe  system  have  shown 
that  with  the  rope  passing  only  one-half  turn  round  the  driving- 
pulley,  the  co-efficient  of  adhesion  between  steel  rope  and  wood  rim 
is  in  practice  30  per  cent,  which  admits  of  an  excess  of  105  cwt.  being 
placed  on  the  present  ascending  load  at  the  Hanover  collierv  before 
any  slip  can  occur.  That  no  slip  actually  results  in  practice  (under 
the  usual  working  conditions)  is  shown  by  the  fact  that  at  Bestwood 
colliery  the  winding  takes  place  at  the  upcast  shaft  which  is  cased 
in,  and  the  cages  are  entirely  out  of  sight  of  the  engineer,  who  has 
to  rely  entirely  on  the  indicator,  and  under  these  circumstances  has 
no  difficulty  in  landing  the  load.  It  is,  however,  evident  that  when 
the  cages  reach  the  landing-places  and  rest  on  the  stops  (if  any  are 
used)  the  weight  is  removed  from  the  rope  and  sufficient  adhesive 
power  may  not  exist  on  the  rim  of  the  motive-pulley  to  enable  the 
loads  to  be  restarted.  This  can  be  guarded  against  by  dispensing 
with  stops  altogether  (as  is  done  at  the  Sneyd  colliery),  or  bv  con- 
tinuing the  rope  past  the  cages  by  means  of  cross-heads  above  and 
below  each  cage  connected  together  by  side  pieces  passing  outside ; 
the  bridle  chains  are  hung  from  the  top  cross-head  and  when  the 
cage  rests  on  the  stops  the  weight  of  the  winding-  and  tail-ropes  still 
remains  on  the  motive-pulley.  This  is  the  arrangement  used  at 
Bestwood. 

The  single  winding-rope  at  the  Hanover  colliery  has  been  found 
to  last  more  than  twice  as  long  as  the  two  ropes  formerly  adopted. 

The  chief  advantage  of  the  system,  apart  from  the  perfect  equali- 
zation of  the  load,  which  can  also  be  obtained  in  any  engine  with 
ordinary  cylindrical  drums,  consists  in  doing  away  with  the  drum 
which  in  many  instances  weighs  60  tons  and  has  of  course  to  be  set 
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ill  rapid  motion  and  stoj^ped  in  a  short  space  of  time,  causing  a  large 
waste  of"  (Miergy.  The  merits  and  demerits  of  the  system  are  fully 
examined  in  an  elaborate  inquiry  by  M.  L.  Trasenster,  Revue  Uni- 
vei'selledes  3Iines,  vol.  v.,  1879,  p.  85,  and  later  particulars  are  given 
of  the  results  obtained  at  the  Hanover  colliery  in  a  report  by  Messrs. 
Mahlet,  de  Gournay  and  Suisse  on  '*  Mining  Appliances  in  West- 
phalia," Bulletin  de  la  Soei'eUde  I' Industrie  Minerale  de  St.  Etienne, 
1887,  vol.  i.,  pp.  65,  389.  The  Koepe  system  of  winding  has  been 
adopted  at  Oberhausen  and  Westhausen  in  Westphalia,  Stassfurth, 
in  Upper  Silesia,  and  Bestwood  and  Sneyd  collieries  in  England, 
but  has  been  abandoned  at  Oberhausen  and  Westhausen  for  reasons 
one  is  unable  to  ascertain,  possibly  that  breakage  of  one  rope  would 
cause  the  stoi)page  of  both  sides  of  the  pit.  After  seven  years'  suc- 
cessful working,  Koepe's  system  has  been  lately  abandoned  at  Best- 
wood  for  two  reasons  :  the  management  do  not  consider  it  safe,  and 
slipping  of  the  rope  takes  place  every  time  it  is  oiled  ;  this  slipping 
commences  immediately  oil  is  applied,  and  after  a  time  ceases  alto- 
gether, to  re-start,  however,  at  the  next  oiling.  This  action  is  very 
objectionable  at  Bestwood,  for,  as  before  stated,  the  engineman  has 
to  rely  entirely  on  the  indicator  for  landing  the  cages,  as  he  cannot 
see  them  when  they  reach  the  surface  owing  to  the  top  of  the  shaft 
being  cased  in. 

Against  these  abandonments  we  have  the  fact  that  no  accident  has 
occurred  at  the  Hanover  pit  since  the  installation  was  put  down  in 
1877,  indeed  the  life  of  winding-ropes  is  increased  as  before  stated. 
The  system  is  also  giving  every  satisfaction  at  the  Sneyd  colliery  in 
North  Staifordshire. 


NOTES  ON  THE  EOSARTO  MINE  AT  SAN  JUANCITO, 

HON  nun  AS,  a  a. 

BY  THOMAS  H.  LEGGETT,  FAIRPLAY,  COLORADO. 

(Buffalo  Meeting,  October,  1888.) 

The  conditions  surrounding  this  mine  are,  perhaps,  not  sufficiently 
rare  or  signitieant  to  warz-ant  sj)ecial  attention,  A  certain  interest, 
however,  attaches  to  the  locality  through  the  recent  discovery  of 
fossil  cycads  made  there  by  Mr.  Charles  M.  Rolker,  of  New  York, 
who  has  repeatedly  visited  this  district,  fixing  the  geological  horizon 
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of  the  vicinity  as  Upper  Triassic.  Moreover,  the  Rosario  mine, 
being  by  far  the  largest  producer  of  Central  America  (the  value  of 
the  bullion  output  in  1887  being  about  $610,000  in  gold  and  silver), 
may,  on  that  account,  merit  notice  in  the  Trarisactions  of  the  Insti- 
tute. 

Undoubtedly,  many  of  the  mines  of  Honduras  have  been  greatly 
over-rated.  The  scrutiny  of  investors  seems  to  decrease,  and  their 
desire  to  buy  to  augment,  in  direct  ratio  to  the  square  of  their  dis- 
tance from  the  foreign  mining-country.  It  is  also  true  that  the 
country  has  had  its  full  quota  of  mines  ruined  through  mismanage- 
ment; nevertheless,  it  has  to-day  mines  that  are  producing  well, 
and  the  following  short  description  of  one  of  them  may  prove  not 
wholly  devoid  of  interest. 

Location  and  Topography. 

To  reach  the  interior  of  Honduras  from  the  Pacific  side,  one  dis- 
embarks from  the  coast-steamers  of  the  Pacific  Mail  line  at  the 
port  of  Amapala,  which  is  situated  on  Tiger  Island,  in  the  Gulf  of 
Fonseca. 

The  town  lies  close  to  the  water's  edge  and  presents  the  char- 
acteristic Spanish-American  appearance  of  low,  white-plastered  house- 
fronts,  over-topped  by  the  shining  belfry-towers  of  the  church  on  the 
Plaza,  while  immediately  in  the  rear  of  the  town  a  cone-shaped 
mountain  rises  to  the  height  of  nearly  a  thousand  feet. 

This,  like  many  of  the  surrounding  island-mountains,  was  at  one 
time,  to  judge  from  the  lava  which  strews  the  shores  of  Tiger  Island, 
an  active  volcano. 

To  reach  the  mainland  from  Amapala,  a  small  boat  conveys  one 
across  the  north  end  of  the  gulf,  and  up  narrow  creeks  that  are 
often  completely  arched  over  by  the  dense  tropical  foliage,  to  the 
pueblo  (hamlet)  of  San  Lorenzo,  twenty  miles  distant  from  Tiger 
Island. 

Thence  a  wagon-road,  built  for  ox-cart  traffic,  and  over  which 
travel  on  mule-back  is  comparatively  comfortable,  leads  northerly 
ninety-six  miles  to  the  city  of  Tegucigalpa,  the  capital  of  the  country. 
The  first  forty  miles  of  road  lie  through  flat  but  slowly  rising  lands, 
flanked  on  the  east  and  west  by  hills,  spurs  from  the  main  range 
further  north,  and  watered  by  a  river  which,  in  the  dry  season,  is 
50  yards  wide,  but  nearer  200  yards  in  width  in  the  rainy  months. 
This  river  is  called  by  different  names  in  different  localities,  as  the 
Perspire,  Choluteca,  Rio  Grande,  etc.  The  remaining  distance  is 
VOL.  xvir. — 28 
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over  a  routj;!!  nioiiiitain  rano;e  of  erujitive  origin,  with  a  general 
northwesterly  and  southeastei-ly  trend,  showing  basalt,  traehyte,  por- 
phyries and  felsites  in  ahundanee,  and  attaining  altitndes  of  3500  to 
4500  feet  above  sea-level. 

The  Cerro  de  Ilule  (possibly  so  called  from  the  absence  of 
caoutchouc  trees  in  its  vicinity)  lies  about  17  miles  southwest  of 
Tegucigalpa,  and  is  4050  feet  high  where  the  road  crosses  the  mesa 
on  its  top.  This  is  the  greatest  elevation  attained  between  the  capital 
and  the  coast. 

From  the  town  of  Sabana  Grande,  one  travels  for  six  leagues 
nortli-northeast  to  the  "  Cerro,"  across  table-lands  over  3000  feet 
above  sea-level,  and  covered  with  a  heavy  growth  of  pine  timber. 
In  the  vicinity  of  Sabana  Grande,  the  first  marls  and  limestones 
are  encountered,  while  on  the  northerly  flank  of  the  Cerro  de 
Hule,  well  down  towards  the  Valley  of  Tegucigalpa,  marls  and 
cretaceous  tufas  are  met  with.  Through  these  latter  an  excellent 
road  has  been  cut,  leading  up  the  valley  for  15  miles  to  the  city  of 
Tegucigalpa,  which  lies  in  latitude  14°  15'  North,  longitude  87° 
10'  West,  and  2465  to  2500  feet  above  sea-level. 

The  town  of  San  Juancito  is  situated  19  miles  northeasterly  from 
the  capital,  in  a  gulch  on  the  east  flank  of  the  PJazuelas  mountains, 
at  the  level  of  the  pine-belt,  or  an  altitude  of  3050  feet  above  sea- 
level,  and  at  the  junction  of  the  San  Juan  and  Escobales  mountain- 
streams.  Its  climate  is  even,  the  temperature  rarely  rising  higher 
than  85°  F.,  or  falling  lower  than  50°  F.  It  is  disagreeable,  how- 
ever, during  the  rainy  season,  which  usually  lasts  from  May  into 
October. 

The  topography  of  the  country  surrounding  San  Juancito  is  very 
rugged  and  mountainous.  The  Plazuelas-Montailita  range,  run- 
ning a  little  east  of  north,  divides  the  Valley  of  Tegucigalpa,  at  a 
mean  altitude  of  2500  feet,  from  the  Cantarranas  valley,  which  lies 
east  of  the  range  at  1600  to  1800  feet  above  sea-level,  while  the 
Crucero  and  Chanchera  mountain  peaks  of  that  range  attain  altitudes 
of  6800  and  7000  feet. 

The  range  above  the  pine-belt,  which  seldom  reaches  as  high  as 
4500  feet  altitude,  is  covered  with  a  heavy  growth  of  oak  and  other 
hard- wood  trees,  together  with  some  of  the  varieties  of  the  tropical 
soft  woods.  Most  of  the  hard  woods  afford  an  excellent  mine-timber. 
Very  cool  and  refreshing,  after  the  hot  and  dusty  travel  of  the 
valleys,  is  a  ride  through  these  forests  of  big  trees,  their  dark-green 
foliage  relieved   by  thickly  studded   brill iant-hued   parasites,  and 
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their  trunks  almost  hidden  by  clinging  vines,  and  the  immense  fern- 
trees  growing  at  their  roots. 

Ten  to  twelve  miles  easterly,  across  the  Cantarranas  valley,  runs 
the  Chili  range  of  mountains,  parallel  to  the  first-mentioned  range 
and  reaching  nearly  equal  altitudes,  while  coming  into  the  valley 
from  the  west  through  a  break  in  the  Plazuelas  range  the  Rio  Grande 
flows  southerly  through  it,  and  the  succeeding  valley  of  San  Fran- 
cisco, towards  the  Gulf  of  Fonseca.  These  valleys  are  broad  and 
flat,  dotted  with  irrigated  ranches,  growing  corn  and  sugar  cane,  and 
affording  good  grazing  lands  for  cattle. 

Across  the  Cantarranas  valley,  about  18  miles  northerly  from 
San  Juancito,  near  the  town  of  Talanga,  runs  a  low  divide,  which 
separates  the  valley  of  the  Ulna  river  to  the  north,  from  that  of  the 
Rio  Grande  to  the  south  ;  or  the  tributaries  of  the  Atlantic  from 
those  of  the  Pacific. 

Geological  Features  in  the  Vicinity  of  the  Mine. 

The  geology  of  this  section  of  the  country  is  well  shown  in  the 
map  and  section  (Figs.  1  and  2)  of  the  San  Juancito  mining-district, 
given  me  by  Mr.  C.  M.  Rolker.  In  the  sectional  map,  Mr.  Rolker 
represents  the  successive  sedimentary  strata  as  follows,  their  respec- 
tive thicknesses  being  shown. 

Commencing  at  the  top  there  is  found : 

Limestone  (gray),  Bermudez  Portillo  and  Valley  Pass. 

Fine  red  conglomerate  (shows  effects  of  proximity  to  heat). 

Red  aluminous  sandstone,  more  or  less  micaceous,  changing  locally 
to  slate-shales. 

Fine  red  conglomerate  (the  red  color  shows  proximity  of  heat). 

Limestone  (Peten,  possibly  the  same  as  at  Cantarranas). 

As  already  noted,  the  Chili  range  lies  to  the  east  of  the  Cantar- 
ranas valley  and  the  Plazuelas-Montanita  range  to  the  west.  The 
breaking  through  of  these  ranges  was  perhaps  accompanied  by  a 
sinking  of  the  valley,  the  limestone  of  which  was  tilted  on  the  east 
flank  of  the  western  foot-hills.  It  may  be  identical  with  that  of  the 
Peten  mine ;  but  this  cannot  be  asserted  at  present. 

The  fossil  cycads  were  found  in  the  shales  and  sandstones  at  the 
point  marked  on  the  map,  Fig.  1.  They  are  described,  in  the 
American  Journal  of  Science,  for  November,  1888,  p.  342,  by  Pro- 
fessor J.  S.  Newberry,  who  declares  these  strata  to  be  of  Upper  Tri- 
assic  age. 

The  overlying  fine  red  conglomerate  and  Portillo  and  Valley 
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limestone  belong  probably  to  tlic   Jurassic  period.     Unfortunately, 
no  fossils  were  discovered  iu  tlieui. 

Southwest  of  San  Juancito,  in  the  Tegucigalpa  valley,  marls  and 
sandstones  occur,  and  of  this  Mr.  Rolker  says :  "  When  I  go  south 
from  the  Valley  of  the  Angels  toward  Santa  Lucia  (a  town  about 
three  leagues  west  of  Tegucigalpa)  up  tiie  grade,  I  find  the  Triassic 
sandstones  again  raised  and  tilted  to  the  south,  but  800  feet  higher, 
shading  out  towards  Santa  Lucia  and  alternating  with  marls  to- 
wards Travesias  and  Tegucigalpa,  where  are  finally  the  true  marls. 
That  would  make  San  Juancito  shales  and  slates  and  the  Teguci- 
galpa and  Santa  Lucia  marls  originally  one  marine  stratum. 
Then  the  Plazuelas  (San  Juancito,  Crucero  and  Moras)  mountains 
with  the  parallel  Montafiita  mountains  broke  through,  the  two 
ranges  connecting  back  (west)  of  the  Valley  of  the  Angels  by  the 
Chanchera  ridge.  This  tijiped  the  sandstones  and  marls  south  of 
the  Valley  Santa-Lucia  summit  southwesterly,  and  southerly  and 
north  of  the  Portillo  northeasterly.  In  other  words,  what  is  marl 
at  Tegucigalpa  and  Santa  Lucia,  is  shales  and  slates  at  San  Juan- 
cito, and  below  these  lies  the  conglomerate  (second  fine  red  con- 
glomerate) showing  between  Berraudez  Portillo  and  Valley  Pass. 
The  upper,  Jurassic,  conglomerate  and  limestone  are  only  visible 
on  these  two  'Portillos'  near  the  Valley  of  the  Angels  and  have 
elsewhere  been  scored  off." 

The  map.  Fig.  1,  shows  the  Rosario  vein  as  lying  partially  in 
sedimentary  and  partially  in  eruptive  rock,  the  latter  forming  the 
central  core  of  the  Plazuelas  mountain  range.  Its  intrusion  uplifted 
and  contorted  the  overlying  bedded  rocks,  tilting  the  present  edges 
of  the  slate-shales  on  the  eastern  flank  of  San  Juancito  mountain, 
over  1000  feet  above  their  normal  level,  under  an  angle  of  from  30° 
to  60°  to  the  north.     Their  strike  is  approximately  east  and  west. 

The  intrusive  rock  is  of  a  compact  texture,  very  rarely  showing 
the  imbedded  feldspar  crystals,  and  of  a  light  grayish-green  color. 
From  four  specimens  sent  to  Mr.  F.  J.  H.  Merrill,  of  the  School  of 
Mines,  Columbia  College,  this  rock  was  determined  by  him  to 
be  rhyolite,  and  composed  of  crystals  of  oligoclase  in  a  felsitic 
matrix.  He  describes  no  accessory  constituents  whatsoever;  and 
doubtless  the  rock  proved  as  barren  of  these  to  the  microscope  as  it 
does  to  the  ordinary  lens. 

In  the  vicinity  of  the  vein  there  is  no  such  definite  contact 
between  the  slate-shales  and  intrusive  rhyolite  as  exists  to  a  much 
greater  extent  in  other  parts  of  the  mountain.     Here,  the  two  inter- 
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lock  in  a  sort  of  fringed  edge,  the  rhyolite  penetrating  between  the 
strata  and  raising  them.  The  stringers  of  slate-shales  pinch  out, 
however,  as  depth  into  the  mountain  is  attained. 

One  principal  strip  of  slaty-shale,  argillaceous  in  character,  shows 
120  feet  wide  to  the  north  of  the  vein  at  the  400-feet  level.  After 
crossing  the  vein,  it  shows  90  feet  in  width  south  of  the  latter,  and 
at  the  zero-level.  At  a  point  350  feet  in  from  (west  of)  the  mouth 
of  this  level,  it  pinches  and  disappears  entirely.  Figs.  6  and  7  show 
this  and  the  interlaraination  of  the  slate-shales  and  rhyolite.  This 
argillaceous  shale  frequently  shades  into  slate  on  and  near  the  sur- 
face, showing  all  its  characteristics  except  that  of  cleavage;  but  with 
de|>th  it  becomes  a  typical  black  shale,  somewhat  baked  through  the 
influence  of  the  near  eruptive  rock. 

There  are  evidences  of  an  immense  amount  of  erosion  in  this 
vicinity  and  over  the  vein.  Huge  boulders,  60  and  80  feet  in 
diameter,  lie  in  the  ravines  1000  feet  and  more  below  the  mine. 
Further,  the  overlying  conglomerate  and  limestone  showing  above 
these  slate-shales  on  the  ridge  to  the  east  of  San  Juancito  (see  Fig. 
1)  have  been  entirely  scored  oiF  and  do  not  show  anywhere  on  the 
mountain  range  west  of  the  Rio  Escobales. 

The  regular  course  of  the  vein  through  the  sedimentary  and  erup- 
tive rock,  as  may  be  demonstrated  by  tracing  the  fissure  tiirough 
the  interlamination  of  the  two  rocks,  shows  its  origin  to  have  been 
somewhat  later  than  the  upheaval  of  the  latter. 

Vein-Characteristics. 

The  Rosario  vein  is  a  quartz  lode,  and  may  be  classed  as  a  "dia- 
clase-"  or  "fissure-fault,"*  cutting  through  sedimentary  and  erup- 
tive rock  alike,  and  having  been  traced  for  over  6000  feet  along  the 
surface  and  claims  located  thereon,  as  shown  in  Fig.  8.  It  strikes 
north  74°  30'  east  for  more  than  three-fourths  of  its  length,  and 
until  neariug  the  Matraca  claim,  where  it  swings  8°  to  10°  nearer 
east.  While  there  are  numerous  local  curves  and  bends  in  the  vein, 
its  average  course  is  very  constant.  It  dips  to  the  north  in  places 
as  steeply  as  70°  from  the  horizontal;  in  others,  10°  and  15°  less. 
Its  average  dip  is  63°;  and  this  it  holds  with  great  regularity  as  dis- 
tance into  the  mountain,  or  depth  from  the  surface,  is  attained.  The 
vein  pinches  and  widens  in  the  manner  common  to  such  lodes.  At 
some  places  it  is  only  2  feet  wide,  at  others  (usually  in  ore-bodies) 

*  "Structural  Relations  of  Ore-Deposits,"  by  S.  F.  Emmons,  Trans.,  xvi.,  817. 
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16  feet  between  walls.     Its  mean  width  can  be  safely  placed  at  4J 
feet. 

The  wall-rocks  arc  in  places  the  argillaceous  shales,  shading  into 
slate  as  already  described.  Near  the  surface,  in  all  the  levels,  the 
vein  is  sometimes  entirely  in  shales,  sometimes  on  the  contact-lines 
of  slate-shales  and  intrusive  rhyolite.  In  all  the  levels  but  the 
lowermost  (650-feet  level),  it  finally  leaves  the  former  and  lies 
wholly  in  the  eruptive  rock. 

The  walls  themselves  are  well-defined,  but  seldom  equally  hard 
and  firm.  The  foot-wall  usually,  though  sometimes  both,  is  much 
decomposed  and  broken  in  the  wider  stopes,  and  a  clay  parting  often 
runs  a  foot  or  two  inside  of  this  wall  parallel  to  the  vein,  neces- 
sitating close  stulling  till  the  stope  can  be  filled  with  waste. 

The  vein-material  is  quartz,  pure  and  simple;  and  this  shows  in 
99  per  cent,  of  the  vein-exposures  throughout  the  mine.  In  one  or 
two  places  only,  in  the  300- and  400-feet  levels  and  within  150  yards 
of  the  mouths  of  the  same,  does  this  give  out,  leaving  but  a  line  of 
soft  talcose  clays  to  mark  the  vein.  This  occurs  in  the  300-feet 
level  for  a  distance  of  70  feet,  just  on  the  line  of  contact  of  the  two 
"  formations."  In  places  also,  thin  strips  of  shale  enter  the  vein  and 
pinch  out  in  it,  as  in  the  400-feet  level.  Fig.  6. 

The  vein  presents  most  of  the  characteristics  of  a  "true  fissure" 
lode,  in  some  places  giving  beautiful  instances  of  banded  structure. 
Its  chief  peculiarity  is  a  tendency  to  split  into  two  distinct  veins  in 
the  more  barren  ground,  and  unite  into  one  consolidated  vein  where 
the  ore-bodies  occur.  Here  its  width  is  oftentimes  further  increased 
by  the  joining  of  feeders,  that  usually  enter  from  the  hanging-wall. 
This  feature  is  illustrated  by  Figs.  3,  4  and  5,  a  plan,  elevation  and 
section  of  a  portion  of  the  100-,  150-  and  200-feet  levels,  showing 
the  two  main  veins  and  the  feeders  extending  into  the  hanging- 
wall. 

Another  important  feature  of  the  vein  is  a  combined  split  and 
throw,  or  sharp  bend  to  the  south,  that  occur,  more  or  less  marked, 
in  all  the  levels,  a  few  hundred  feet  from  their  mouths. 

Where  the  bend  occurs,  the  foot-wall  vein  is  generally  the  more 
prominent  and  mineralized  of  the  two,  the  hanging-wall  vein  being,  in 
some  cases,  almost  obliterated.  In  the  zero  and  400-feet  levels, 
where  this  is  most  marked,  the  foot-wall  vein  finally  pinches  and 
becomes  barren,  necessitating  cross-cutting  to  the  hanging-vein 
which,  in  each  case,  was  found  to  be  nearly  two  feet  wide  where 
cut,  though  indiscernible  in  the  hanging-wall  at  point  of  throw  of 
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vein.  The  throw  in  the  intermediate  levels  is  not  so  sharp;  and  in 
these  the  hanging- wall  vein,  though  bent  from  its  course,  continues 
the  stronger  and  more  mineralized.  Complete  plans  and  sections 
would  show  this  more  thoroughly,  and  would  be  presented  herewith 
did  not  the  Kosario  Company  object  to  full  copies  of  its  mine-maps 
being  published. 

The  ore  extracted  last  year  was  chiefly  from  the  oxidized  zone,  and 
was  a  thoroughly  decomposed  sulphuret-ore,  carrying  much  native 
silver  and  chloride  of  silver,  with  free  gold  and  frequent  streaks  of 
argentite  and  other  rich  silver  sulphides.  The  lower  levels  show 
the  unchanged  sulphides  of  iron,  copper,  lead  and  zinc.  The  gangue 
is  quartz,  carrying  in  the  ore-bodies  occasional  clay  streaks,  heavily 
stained  with  the  hydrated  oxides  of  iron  and  manganese.  Other 
accompanying  minerals,  found  less  frequently,  are  polybasite,  embo- 
lite,  j)yromorj)hite,  wulfenite,  cerussite,  malachite,  azurite,  liraonite, 
manganite  and  pyrolusite. 

The  ore  is  treated  by  raw  amalgamation,  somewhat  to  the  detri- 
ment of  quicksilver  on  account  of  the  manganese  present.  Frue 
vanners  have  recently  been  added  to  concentrate  the  undecomposed 
sulphurets  in  the  tailings;  and  the  concentrates  will  be  subjected  to  a 
ehloridizing  roasting  and  amalgamated. 

The  general  trend  of  the  ore-bodies  in  the  mine,  as  thus  far  de- 
veloped, is  into  the  mountain  and  obliquely  downwards,  or  with  a 
westerly  pitch  of  about  40°  from  the  strike. 

This  vein  is  undoubtedly  the  principal  lode  of  the  district;  and 
the  fact  that  it  at  times  follows  the  contact  of  eruptive  and  bedded 
rock  does  not  in  the  least  prove  it  to  partake  of  the  nature  of  a  con- 
tact-vein, as  developments  have  shown  it  to  be  equally  strong  in 
either  rock,  and — in  proportion  to  the  exploration-work  done — 
almost  equally  mineralized. 

The  Mine. 

The  vein  cuts  the  mountain  nearly  at  right  angles  to  the  plane  of 
its  eastern  slope,  and  is  opened  by  levels  driven  in  from  the  surface  • 
at  vertical  distances  apart  of  100  feet.  There  are  seven  of  these  main 
levels,  varying  in  length  from  600  to  1500  feet  (the  latter  the  length 
of  the  200-feet  level);  and  they  all  start  in  on  the  vein  from  the 
surface  with  the  exception  of  the  two  lowermost,  the  550  and  the 
650-feet  levels;  the  first  of  whi{4i  cross-cuts  40  feet  through  rhyolite 
before  reaching  the  vein,  and  the  second,  300  feet,  chiefly  through 
slate-shales. 
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It  will  be  seen  at  once  that  the  working  of  such  a  mine  is  a  very 
simple  matter.  Each  level  is  an  adit  to  the  surface,  while  the  neces- 
sary winze-connections  maintain  excellent  ventilation  throughout 
the  mine.  The  breaking  of  the  ore  is  all  done  by  overhand  stoping, 
and  the  ore  is  handled  entirely  by  gravity.  All  the  ore  above  the 
200-feet  level  is  handled  through  it,  winzes  being  connected  past  the 
100-feet  level  by  heavy  timber  shoots,  and  the  ore  being  thrown 
directly  from  the  zero  to  the  200-feet  level. 

At  the  mouth  of  the  latter  is  located  a  gravity-road  or  inclined 
plane,  800  feet  long,  with  an  average  pitch  of  40°,  operated  with  iron 
skips  of  1400  cwt.  capacity.  By  it  the  ore  is  delivered  to  the  Halli- 
die  tramway,  at  the  mouth  of  the  650-feet  level.  Ore  extracted  be- 
tween the  200-feet  and  400-feet  levels  is  run  out  at  the  latter  level 
and  loaded  into  the  skips  by  means  of  a  bin  with  movable  shoots, 
built  over  the  gravity-road  at  that  level.  This  road  easily  handles 
the  90  to  100  tons  of  ore  extracted  per  24  hours.  Ore  broken  below 
the  400-feet  level  is  run  out  at  the  tramway  or  600-feet  level. 

A  feature  in  the  working  of  the  mine  worthy  of  note  is  the  fact 
that  all  ore-extraction  and  much  development-work, •sjich  as  raising 
and  sinking  for  connections,  is  done  by  native  miners,  American 
miners  being  chiefly  employed  in  driving  ahead  the  main  levels. 
The  native  miner,  properly  handled,  is  no  mean  workman.  Under 
the  stimulus  of  a  prize  for  the  greatest  number  of  feet  drilled,  some 
of  them  have  sunk  as  many  as  four  2|  to  3  feet  holes,  in  moderately 
hard  stoping-ground,  in  a  shift  of  8  hours.  Paid  by  the  foot  of  hole 
drilled,  they  will  earn  $1.50  to  $2.00  per  day,  but  will  do  a  corre- 
sponding amount  of  work. 

\yith  the  introduction  of  air-drills  for  the  more  rapid  advance- 
ment of  exploration-work  in  the  lower  levels,  more  foreign  miners 
will  necessarily  be  employed. 

The  only  noteworthy  feature  of  the  compressed-air  plant  is  the 
power  employed  to  drive  the  compressor.  It  was  found  possible, 
by  the  use  of  a  high  head,  to  utilize  the  waters  of  the  San  Juan 
river,  which  in  the  dry  season  runs  as  low  as  80  miner's  inches  (of 
1.6  cu.  ft.).  Five  hundred  feet  head  was  therefore  adopted,  the  water 
being  carried  for  3000  feet  in  a  14-inch,  16  B.  W.  G.  pipe  to  a  bulk- 
head 500  feet  above  the  wheel-house,  from  which  it  is  led  on  to  a 
4-foot  Pelton  wheel,  through  a  12-inch  wrought-iron  pipe  of  Nos. 
10,  9  and  8  B.  W.  G. ;  extra  heavy  iron  being  used  on  account  of 
its  greater  durability.  This  water-power  is  sufficient  to  run  a  60- 
ton  concentrating  mill  as  well,  when  needed. 
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With  this  drill-piaut,  development-Nvork  should  readily  be  kept 
well  ahead  of  extraction,  and  the  lower  levels,  where  the  ground  is 
too  hard  to  drive  by  hand,  opened  up  to  give  a  large  output  of 
ore.  All  the  indications  are  that,  as  these  levels  advance  further 
into  the  mountain,  the  ore  will  become  more  base,  and  probably 
average  less  in  gold  and  silver,  though  the  latter  point  cannot  yet 
be  considered  established,  since  in  some  cases  high  assays  have 
been  obtained  from  the  undecomposed  sulphurets.  One  small  ore- 
body  was  encountered  just  above  the  300-feet  level,  at  about  400 
feet  in  depth  on  the  vein  from  the  surface,  and  was  smelted  to 
a  rich  lead  bullion.  The  ore  consisted  of  galena,  copper  and  iron 
pyrites,  and  assayed  from  600  to  1000  ounces  in  silver  and  several 
ounces  in  gold  per  ton.  This  would  indicate  a  likelihood  of  en- 
countering bodies  of  high-grade  base-metal  sulphides  in  these  levels. 

O  RE-DEPOSITION . 

The  question  of  the  source  of  this  ore-deposit  becomes  an  inter- 
esting one  in  the  light  of  the  belief  expresssd  in  reference  to  ore- 
deposits  in  general,  by  that  eminent  authority  on  the  subject,  Mr. 
S.  F.  Emmons,*  who  says  of  the  usual  vague  statement  that  the  ore 
came  "from  below,''  that,  though  possibly  true,  it  "is  generally  in- 
adequate and  not  founded  upon  sufficient  study  of  the  geological  con- 
ditions." 

Without  venturing  to  enter  into  a  discussion  of  this  question  Avith 
reference  to  the  Eosario  lode,  I  would  briefly  review  the  conditions 
to  be  observed  in  connection  with  the  vein  and  mine,  and  let  others 
judge  as  to  their  bearing  upon  a  theory  of  leaching  from  the 
wall-rocks,  such  as  that  expressed  by  Professor  Joseph  Le  Conte, 
who  says  rf  "  All  speculators  on  this  subject,  I  think,  now  hold  that 
the  mineral  contents  of  veins  are  wholly  derived  by  leaching  from 
the  rocks  forming  the  fissure-walls." 

Referring  to  Figure  8,  it  may  be  seen  that, 

1st.  Above  and  west  from  the  550- feet  level  there  lies  an  immense 
mass  of  eruptive  rock. 

2d.  The  major  part  of  the  work  done  in  the  mine  to  date  lies  in 


*  Engineering  and  Mining  Journal,  May  12th,  1888,  p.  339.  Also,  to  the  same 
effect,  U.  S.  Geological  Survey.  Monograph  XII.,  "  Geology  and  Mining  Industry 
of  Leadville,"  p.  572. 

t  "Genesis  of  Metalliferous  Veins,"  American  Journal  of  Science,  Third  Series 
vol.  xxvi.,  July,  1883,  p.  6. 
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this  rock,  and  also  the  greater  part  of  the  ore  extracted  is  from  these 
upper  levels. 

3d.  Considerable  work  has  been  done  in  the  lower  levels  of  the 
mine,  all  of  which  are  at  least  600  feet  long,  and  the  lowermost 
is  entirely  in  slate-shales,  where  the  vein  has  proven  quite  as  strongly 
mineralized  as  in  the  upper  levels;  and  from  here  a  large  body  of 
several  thousand  tons  of  ore  has  been  extracted.  This  is  in  fact  the 
original  mine,  the  portion  of  the  vein  worked  by  the  natives  before 
its  acquisition  by  the  present  owners.  There  are  other  ore-bodies 
lying  wholly  in  shale  wall-rock,  notably  the  first  encountered  in  the 
200-feet  level,  about  150  feet  west  of  the  mouth;  but  this  rock  has 
no  thickness  here,  being  merely  the  strip  or  Avedge  already  described. 

4th.  Further  to  the  east  there  are  workings  on  the  vein,  1200  and 
2000  feet  distant  respectively  from  the  Rosario  tunnel,  that  are  en- 
tirely in  slate-shales,  with  the  exception  of  a  narrow  dyke  of  rhyolite, 
that  cuts  through  the  bedded  rock,  and  crosses  the  vein  in  the  vicinity 
of  the  Triunfo  mine,  in  much  the  same  manner  as  the  shale  runs  up 
into  the  eruptive  rock;  and  in  these  workings  the  vein  shows  strongly 
mineralized,  carrying  copper  pyrites  and  galena,  but  poorer  in  silver 
contents.  This,  however,  may  be  due  to  nearness  to  the  surface,  as 
the  workings  are  yet  less  than  sixty  feet  in  depth  on  the  vein. 

5th.  The  vein  all  along  the  surface  here,  through  the  sedimentary 
rock,  shows  a  strong  quartz  outcrop,  in  places  four  feet  wide,  and  is 
traceable  down  the  mountain  in  the  same  rock  for  a  long  distance  on 
the  Ocotillo  claim.  Down  in  the  gulch  of  the  united  San  Juan  and 
Escobales  rivers,  about  1600  feet  below  the  mine,  and  half-a-mile 
distant  from  the  nearest  eruptive  rock  on  the  surface,  there  is  a 
quartz- vein  outcrop,  and  a  drift  run  on  it,  lying  on  the  strike,  and 
appearing  to  be  the  continuation,  of  the  Rosario  lode. 

6th.  On  the  ridge  shown  in  Fig.  8,  lying  back  of  and  above  the 
vein  in  slate-shales,  there  is  at  present  several  hundred  feet  thick- 
ness of  rhyolite,  while  the  quartz  conglomerate  and  limestone  that 
originally  overlay  the  shales  have  been  scored  off. 

7th.  In  this  district  both  "  formations "  are  seamed  with  many 
veins,  the  eruptive  rock,  being  perhaps,  the  most  prolific,  or  at  least 
more  discoveries  having  been  made  therein. 

While  in  the  mine  there  has  been  more  work  done  in  the  upper 
levels  (due  largely  to  the  faster  progress  to  be  made  there,  and 
the  adaptability  of  the  ore  to  the  present  mill),  much  more  exj)lora- 
tion-work  will  be  done  in  the  sedimentary  rock  with  the  air-drills 
now  being  put  in,  and  with  reasonable  expectation  of  encountering 
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ore-bodies,  to  judge  from  the  work  already  done,  and  tlie  strength 
and  continuity  of  the  lode. 

In  regard  to  that  portion  of  the  vein  lying  wholly  in  rhyolite, 
there  are  but  two  facts  that  would  militate  against  a  theory  of  leach- 
ing of  the  vein-materials  from  the  fissure-walls,  and  these  are: 

First.  The  great  number  of  veins  in  the  immediate  vicinity  of  the 
Rosario  lode,  that,  if  filled  in  this  manner,  would  tend  to  rob  the 
adjoining  rock  and  force  a  derivation  of  the  materials  from*  "  neigh- 
boring eruj>tive  rooks  . . .  not ...  in  actual  contact  with  the  ore-bodies," 
Avhich  undoubtedly  exists  here  in  plenty  with  depth;  laterally  the 
range  is  seamed  with  veins. 

Second,  This  rock  is  remarkably  destitute  of  the  basic  silicates, 
as  mica,  hornblende  and  augite,  said  by  Dr.  Sandl)erger  to  be  the 
main  rock-constituents  furnishing  the  metals  occurring  in  veins. f 

It  is  noticeable  that  the  leaching  of  rhyolite  in  the  Yellowstone 
Park,  described  by  Mr.  Arnold  Hague  before  the  Montana  Meeting 
of  the  Institute,  in  July,  1887,  has  been  productive  of  no  other  me- 
tallic mineral  than  scorodite.  This  leaching  has  been  going  on  for 
thousands  of  years,  and  is  believed  by  Mr.  Hague  to  be  done  by 
surface-waters,  returned  to  the  open  air  through  the  various  vents, 
geysers,  etc.,  after  contact  with  the  heated  rocks  below,  the  source 
of  whose  heat  he  ascribes  to  volcanic  energy. 

But  a  large  part  of  the  mineralized  Rosario  vein  lies  in  sediment- 
ary rock,  and  since  "  the  eruptive  rocks,  rather  than  the  sedimentary, 
are  the  more  likely  to  carry  the  materials  from  which  the  vein- 
materials  have  been  derived,"  |  it  is  necessary  to  assume  that  this 
vein-filling  came  from  below. 

Professor  Le  Conte  says  of  the  ascension  theory, §  "  According  to 
this  theory,  as  I  understand  it,  the  vein-matters,  including  the  me- 
tallic ores,  ....  are  gathered  by  leaching  from  the  whole  wall- 
rock,  from  top  to  bottom  of  the  fissure;  but  mainly  from  the  deeper 
parts,  because  these  are  under  heavy  pressure  and  superheat."  In 
the  case  of  the  Rosario  vein  such  leaching  must  have  taken  place 
at  great  depths,  since  above  the  vein  were  other  sedimentary  rocks 
that  have  been  eroded,  as  already  stated ;  while  below  these  slate- 

*  "The  Genesis  of  Certain  Ore-Deposits,"  by  S.  F.  Emmons,  Trans.,  xv.,  138. 

t  U.  S.  Oeoloyical  Survey.  Monograpli  XII.  "Geology  and  Mining  Industry  of 
Leadville,"  p.  576. 

X  "Tlie  Genesis  of  Certain  Ore- Deposits,"  Trans.,  xv.,  145.     Already  cited. 

§  "Genesis  of  Metalliferous  Veins,"  American  Journal  of  Science,  Third  Series, 
vol.  xxvi.,  July,  1883,  p.  7. 
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shales  belong  the  lower  red  conglomerate  and  the  Cantarranas-Peten 
limestone. 

In  order  to  fulfil,  then,  for  this  case,  the  conditions  essential  to  a 
theory  of  leaching  from  the  wall-rocks,  it  is  necessary  to  assume  in 
both  formations  great  depth  of  fissure — a  not  unlikely  fiictor. 

But  this  approaches  that  suggestive  "channel  to  the  deep"  alluded 
to  bv  Dr.  Raymond  in  discussing  the  Leadville  ore-deposits,*  while 
the  lines  here  seem  faint  indeed  that  divide  such  theories  from  those 
of  hot  mineralized  waters  and  general  solfataric  action,  as  advanced 
by  Mr.  J.  E.  Clayton  to  explain  the  method  of  vein-formation  in  the 
Drumlumraon  district. f 

In  short,  it  would  seem  quite  possible  that  these  vein-materials 
did  "come  from  below,"  and  the  question  of  their  source  is  reduced  to 
speculation  as  to  the  manner  in  which  they  were  taken  into  solution: 
whether  by  leaching  at  great  depths,  under  heat  and  pressure,  of  a 
rock  which  does  not  contain  the  ingredients  Scientific  research  has 
found  to  be  the  chief  source  of  the  vein-metals;  or  (as  in  this  case 
would  seem  more  probable)  by  solution  at  great  depths,  under  the 
volcanic  conditions  existent  at  the  time  of  the  eruption  of  the  igneous 
rock. 


SOAPING   GEYSERS. 

BY   R.   "W.    RAYMOND,   NEW  YORK   CITY. 

(Buffalo  Meeting,  October,  1888.) 

Some  months  ago  I  heard  from  a  party  of  returned  tourists  an 
amusing  story  of  a  Chinese  laundryman  in  the  National  Park  who 
had  included  in  his  cabin  a  hot  spring,  of  which  he  was  accustomed 
to  avail  himself  in  his  business,  and  who,  on  one  occasion,  having. 
thrown  a  lot  of  linen  into  this  spring  to  soak  overnight,  had  added' 
a  piece  of  soap  to  facilitate  the  process,  and  had  been  considerably 
surprised  when,  stimulated  by  this  soap,  the  spring  had  suddenly 
become  a  geyser  and  wrecked  his  establishment.  The  story  went 
on  to  say  that  the  practice  of "  soaping "  geysers  to  make  them 
active  had  become  general,  but  had  been  forbidden  by  the  authori- 
ties. 

*  Engineering  and  Mining  Journal,  May  12th,  1888,  p.  339; 
t  Ibid.,  August  4th,  1888,  p.  85. 
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To  ascertain  what  basis  of  fact  underlay  this  ro])ort,  I  wrote  to 
our  fellow-member,  Mr.  Arnold  Haj^ue,  the  geologist  in  charge  of 
the  National  Park,  and  have  received  from  him  the  following  reply, 
which  he  authorizes  me  to  incorporate  in  this  paper.  I  regret  that 
Mr.  Hague's  pressing  duties  in  the  field  prevented  him  from  pre- 
paring a  ))aper  on  the  subject  ;  and  I  am  glad  that  he  will,  at  some 
future  time,  make  jiublic  tin;  results  of  his  investigations,  now  in 
progress,  concerning  many  jioints  now  somewhat  obscure  in  the 
action  of  geysers,  and  particularly  its  relation  to  the  element  of  tem- 
perature. The  theory  stated  by  Prof.  Tyndall,  in  connection  with 
the  geysers  of  Iceland  is,  no  doubt,  a  true  one ;  but  many  local 
peculiarities  of  form,  watcr-suj)ply,  mineral  contents,  and  variations 
of  temperature,  may  complicate,  in  a  given  region,  the  o))eration  of 
the  simple  causes  which  that  theory  invokes.  Much  light  may  be 
expected  from  the  careful  and  patient  study  of  the  subject  which 
Mr.  Hague  is  now  making.  Meanwhile,  the  preliminary  account 
which  his  letter  enables  me  to  give,  will  doubtless  prove  interesting, 
especially  to  those  of  our  mend)ers  who  enjoyed  last  year,  in  con- 
nection with  the  Utah  and  Montana  meeting,  the  excursion  through 
the  Yellowstone  National  Park. 

Mr.  Hague  writes  as  follows  : 

Mammoth  Hot  Springs,  Y.  N.  P.,  September  Otli,  1888. 

Dear  Sir; — In  reply  to  your  inquiries  I  may  say  that  what  is  familiarly  called 
"  soajiing  geysers"  has  caused  eruptions  of  several  of  the  larger  well-known  gey- 
sers. I  first  heard  of  the  action  of  soap  upon  the  geysers  early  in  the  summer  of 
1885,  from  the  late  Chief  Justice  Waite,  who  had  just  returned  from  the  Upper 
Geyser  Basin,  and  whom  I  met  at  the  Mammoth  Springs.  He  asked  me  to  exjilain 
the  chemical  action  of  soap  upon  the  waters  of  the  geysers,  and  told  me  that  he 
had  seen  the  eruption  of  a  small  geyser  at  the  Chinese  laundry.  A  few  weeks 
later,  in  company  with  Mr.  F.  J.  Haynes,  photographer  of  the  National  Park,  I 
made  a  number  of  experiments,  which  proved  so  satisfactory  that  I  continued  my 
investigations  throughout  the  season  on  mnny  of  the  hot  springs  and  geysers  in  the 
principal  basins.  Mr.  Haynes  conceived  the  idea  that  for  the  purpose  of  photog- 
raphy it  would  be  very  desirable  to  be  able  to  take  negatives  of  geysers  in  action 
when  the  sini,  clouds  and  winds  were  most  favorable,  and  with  the  least  possible 
loss  of  time  to  the  photographer.  Geysers  which  at  their  best  are  very  fitful  in 
their  action,  and  only  play  at  intervals  of  two  or  three  weeks,  consume  much  valu- 
able time  of  any  one  attempting  to  make  a  large  series  of  pictures.  Discarding 
soap,  we  substituted  Lewis's  Concentrated  Lye,  ynit  up  in  J-lb.  cans,  which,  as  you 
may  readily  suppose,  produced  much  more  rapid  action. 

In  a  few  words,  the  results  of  my  investigations  for  the  season,  were  that  in  one 
or  two  of  the  larger  geysers  eruptions  could  be  hastened  by  the  application  of  al- 
kali, and  that  several  of  the  smaller  ones  coulil  be  forced  to  throw  out  cohunns  of 
water.  Where  the  cauldrons  or  pools  are  large,  but  little  change  takes  place,  unless 
the  waters  are  near  the  boiling-point.    The  most  favorable  conditions  to  accelerate 
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action  are  those  in  which  the  reservoirs  are  small,  the  vents  or  conduits  through 
which  the  water  is  forced,  narrow,  and  the  water  near  the  boiling-point.  Of  the 
large  geysers,  the  "Eeehive"  seemed  to  be  the  one  in  which  action  could  most 
easily  be  produced,  although  eve^i  here  it  fails  in  most  instances.  Here  the  water, 
for  the  greater  part  of  the  time,  stands  near  the  boiling-point.  In  tiie  "Giant" 
geyser,  which,  at  the  time  of  my  experiments,  had  not  played  for  several  months,  I 
was  able  to  cause  most  violent  agitation  and  the  throwing  out  of  water,  but  nothing 
that  could  be  called  a  genuine  eruption.  People  familiar  with  the  behavior  of  the 
"Giant"  before  an  eruption,  but  ignorant  of  what  I  had  done,  believed  the  geyser 
was  ready  to  resume  its  former  activity.  In  the  greater  number  of  instances  no 
action  whatever  was  observed. 

The  boiling-point  at  the  altitude  of  the  Upper  Geyser  basin  is  about  198°  Fahr. 
Many  of  tiie  cauldrons  and  hot  springs,  however,  when  perfectly  quiet,  reach  the 
temperature  of  200°  Fahr.  before  boiling.  In  many  of  these  pools  most  violent 
action  can  be  produced  by  simply  throwing  in  a  handful  of  fine  gravel.  Many  of 
them  boil  up  violently  when  stirred  with  a  stick,  and  in  one  or  two  instances  I  have 
produced  agitation,  the  water  being  thrown  two  or  three  feet,  by  simply  lashing  the 
surface  with  a  rope.  The  "Giantess"  geyser,  which,  as  you  may  remember,  is  a 
large  cauldron^  constantly  overflowing  for  days  before  an  eruption,  is  very  near  the 
required  temperature.  This  pool  can  be  made  to  boil  violently  by  simply  stirring 
it  with  a  cane,  but  has  never  been  forced  into  an  eruption  by  the  use  of  soap  or  lye. 
I  do  not  consider  that  there  is  any  appreciable  chemical  action  or  increase  of  heat 
produced  by  the  application  of  soap,  but  that  the  action  is  for  the  most  part  due  to 
physical  causes,  inducing  a  boiling  and  bumping  in  the  narrow  vents,  which  in  turn 
causes  a  relief  of  pressure  and  brings  about  geyser-action.  I  was  soon  able  to  pre- 
dict with  some  certaint}'  when  eruptions  could  be  hastened  in  this  way.  Many  of 
the  springs  and  pools  present  very  much  the  same  phenomena  as  are  seen  in  the 
chemical  laboratory  where  water  is  slowly  heated  in  a  beaker-glass  by  a  Bunsen 
burner  over  a  wire  gauze.  As  you  well  know,  solutions  heated  in  this  way  fre- 
quently attain  a  temperature  above  the  boiling-point  without  ebullition  ;  but  the 
moment  a  glass  rod  or  a  tliermometer  is  plunged  into  the  beaker  violent  agitation 
is  brought  about.  It  is  also  well  known  that  solutions  of  caustic  alkalies,  before 
reaching  a  temperature  of  212°,  bump  and  boil  in  a  very  irregular  manner,  fre- 
quently causing  a  spattering  and  boiling  over  of  the  solution.  I  consider  that  the 
action  of  alkali  in  these  reservoirs  and  cauldrons  is  very  much  the  same.  For  some 
time  I  have  intended  publishing  a  short  article  upon  the  means  of  accelerating 
geyser-action,  but  have  deferred  it  until  I  should  have  studied  up  the  matter  a  little 
more,  or  until  I  was  prepared  to  publish  some  other  observations  with  regard  to 
the  relationship  between  temperature  and  geyser-eruption. 

The  line  between  a  geyser  and  a  hot  spring  is  by  no  means  an  easy  one  to  draw. 
It  is  a  somewhat  curious  fact  that  the  "  Chinaman  "  geyser,  where  action  is  most 
easily  caused  by  artificial  means,  has  always  been  regarded  by  the  Geological  Sur- 
vey as  simply  a  hot  spring,  and  none  of  our  party  have  ever  seen  the  "  Chinaman  " 
in  action  without  the  application  of  soap,  except  in  one  instance,  when  it  was 
actually  made  to  play  to  a  height  of  20  feet,  after  stirring  it  violently  with  a  pine 
bough  for  nearly  10  minutes.  In  our  records  it  is  simply  known  as  a  spring, 
whereas  by  the  application  of  soap  a  good  geyser  may  be  produced,  throwing  a 
column  of  water  20  feet  or  more  into  the  air. 

Attempts  to  "soap  geysers"  have  become  quite  popular  with  tourists,  so  much  so 
that  I  am  told  the  toilet-soap  is  stolen  in  large  quantities  for  this  purpose  from  the 
rooms  in  the  hotels.     Throwing  anything  into  the  geysers  and  hot  springs  is  now 
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very  properly  prohibited  by  the  rules  governing;  tlie  Park.  Where  thousands  of 
people  visit  the  geyser-biisins  annually,  it  would  of  course  be  impossible  to  allow 
them  to  indulge  their  fancies  by  throwing  all  sorts  of  objects  into  the  geysers.  Most 
of  the  stories,  however,  which  are  circulated  in  regard  to  the  eruptions  produced  by 
the  action  of  soap  are  fabrications  wholly  without  foundation ;  they  may  be  put 
down  as  concentrated  'lie."  Very  truly  yours, 

Arnold  Hague,  Geologist. 

Mr.  Hague  is  undoubtedly  right  in  regarding  the  reaction  in 
question  as  physical  rather  than  chemical.  Yet,  the  chemical  effect 
is,  it  seems  to  me,  the  cause  of  the  physical  one ;  and  I  venture  to 
suggest  the  following  explanation  in  support  of  this  proposition  : 

As  will  be  remembered,  the  accepted  theory  of  geyser-action  is 
that  immediately  before  an  eruption,  the  water  at  each  point  in  the 
geyser-tube  has  attained  a  temperature  at  which  it  is  just  prevented 
from  flying  into  steam  by  the  weight  of  the  column  of  water  above 
it.  If  that  weight  be  diminished,  an  eruption  is  the  necessary  con- 
sequence. Such  a  diminution  is  brought  about  by  the  production  or 
entrance  (in  spite  of  the  weight  of  the  column)  of  steam  in  the  lower 
part  of  the  tube,  lifting  the  column  and  causing  some  of  the  water  to 
overflow  at  the  mouth  of  the  geyser.  Each  particle  of  heated  water, 
hitherto  barely  prevented  from  forming  steam,  is  thus  lifted  to  a  level 
where  its  vaporization  is  practicable,  and  the  more  or  less  explosive 
eruption  ensues.  It  is  evident  that  the  overflow  is  essential,  although, 
as  the  case  of  the  "Giantess,"  mentioned  by  Mr.  Hague,  indicates, 
an  overflow  is  not  always  enough  to  cause  an  eruption.  It  must 
occur  at  the  right  moment. 

The  gradual  entrance  of  steam  below,  and  its  quiet  escape  up- 
wards, or  its  collapse  in  ascending,  does  not  directly  bring  about 
the  eruption.  It  merely  effects  the  preparatory  heating  of  the 
column.  When  this  has  been  done  a  violent  impulse,  such  as  would 
be  given  by  the  generation  or  injection  of  a  larger  quantity  of  steam, 
seems  to  be  required.  Those  who  have  stood  by  a  geyser  immedi- 
ately before  its  eruption,  will  recall  the  abortive  attempts  which 
precede  the  final  success.  The  successive  collapses  of  steam  below 
are  evidenced  by  dull  reports  as  well  as  by  the  "jumps"  of  the 
water  in  the  tube.  The  boiling  grows  more  and  more  violent;  and 
at  last,  the  supply  of  heat  being  everywhere  sufficient,  the  water 
rises  until  it  overflows  and  the  geyser  "  goes  off." 

Whatever  will  produce  violent  boiling,  then,  may  be  expected  to 
precipitate  an  eruption  if  the  spring  is  ready  for  it,  and  even  to 
cause  an  eruption  in  a  spring  which  otherwise,  boiling  quietly,  would 
not  attain  the  eruptive  conditions. 


SOAPING    GEYSEES.  453 

The  effect  of  agitating  the  water  by  lashing  the  surface  or  by 
throwing  in  stones,  is  simply  to  liberate  steam  which  has  been  re- 
tarded by  the  adhesion  of  the  water.  This  sudden  liberation  may 
cause  temporary  violent  boiling. 

But  I  think  the  action  of  soluble  salts  thrown  into  the  water  is 
somewhat  different.  It  is  well  known  that  mineral  salts  thus  dis- 
solved in  water,  raise  its  boiling-point.  Yet  nothing  really  boils 
but  the  water.  The  steam  from  solutions  of  non-volatile  salts  is  as 
pure  as  if  it  had  been  generated  from  pure  water.  The  action  of 
the  dissolved  mineral,  therefore,  is  a  resistance  to  parting  from  the 
water.  The  boiling-point  may  be  raised  from  212°  to  over  300^ 
Fahr.,  for  instance,  by  saturating  with  calcium  chloride.  Ten  per 
cent,  of  this  salt  raises  the  boiling-point  nearly  two  degrees.* 

Now,  the  effect  of  pouring  lye  into  a  geyser  would  be  to  form  at 
once,  on  the  top  of  the  water-column,  a  more  or  less  concentrated 
solution.  This  effect  would  be  more  rapid  than  that  produced  by 
soap,  because  the  soap  requires  an  appreciable  time  to  dissolve.  In 
both  cases,  however,  it  seems  likely  that  only  the  water  at  and  near 
the  top  would  be  affected,  suffering  an  immediate  rise  of  its  boiling- 
})oint,  or,  in  other  words,  presenting  an  increased  resistance  to  the 
liberation  of  steam.  This  new  hindrance  acts  like  a  lid  on  the 
boiling  column,  produces  a  more  violent  ebullition,  and  thus  pre- 
cipitates the  eruption  if  the  conditions  are  such  that  violent  ebulli- 
tion is  all  that  is  wanted  for  such  a  result. 

In  addition  to  this  (especially  in  the  case  of  soap)  we  have  a  vis- 
cosity of  the  liquid,  hindering  the  escape  of  steam  once  formed,  and 
thus  producing  an  accumulation  of  bubbles,  which  hastens  the  over- 
flow. I  believe  it  is  well  known  in  the  domestic  laundry  that  the 
wash-boiler  is  liable  to  boil  over  when  soap  is  added. 

Finally,  it  has  been  suggested  that  the  addition  of  caustic  alkali 
to  the  water  of  a  geyser  might  precipitate  some  of  its  ingredients,  and 
they  alter  the  character  and  behavior  of  the  solution.  If  I  am  not 

*  See  the  results  of  Legrand's  investigations,  as  given  in  Miiller's  Physik,  7th  ed., 
Braunschweig,  1868,  vol.  ii.,  p.  738.  The  table  does  not  include  the  caustic  alka- 
lies. I  take  calcium  chloride  as  an  illustration  because  of  its  strong  hygroscopic 
properties.  Of  the  salts  included  in  the  table  above  named,  sodium  chloride  is  the 
most  effective  in  proportion  to  the  percentage  present,  7.7  per  cent,  being  equiva- 
lent to  10  per  cent,  of  the  calcium  chloride ;  but  a  saturated  solution  of  the  former 
at  boiling-point  contains  but  39  7  per  cent,  of  the  salt,  while  the  former  may  be  thus 
dissolved  up  to  325  per  cent.  Considering  the  affinity  for  water  possessed  by  the 
caustic  alkalies,  I  think  it  safe  to  assume,  for  the  present  purpose,  that  10  per  cent, 
of  potash  would  raise  the  boiling-point  at  least  two  degrees,  and  that  in  a  concen- 
trated solution  of  it  the  elevation  would  be  at  least  15  degrees,  probably  much  more. 
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mistaken,  however,  the  geyser  waters  are  very  dihite  solutions,  and 
do  not  carry  any  considerable  proportion  of  bases  which  would  be 
precipitated  by  an  alkali.  Moreover,  any  base  thus  precipitated 
would  be  re{)laced  in  the  solution  by  its  chemical  equivalent  of  alkali. 
I  think,  therefore,  that  tiie  final  resultant  effect  on  the  boiling  due  to 
this  cause  may  be  neglected  in  the  explanation. 


COAL  TEANSFEE  OF  THE  MT.   CARBON  COMPANY, 
LIMITED. 

BY   W.   N.   PAGE,    POWELLTON,  W.  VA. 

(New  York  Meeting,  February,  1889.) 

Among  engineers  engaged  in  mining  coal  for  river  transportation, 
probably  no  other  sulyect  of  equal  importance  has  received  so  little 
attention  as  the  methods  of  transferring  into  barges  and  other  craft. 

The  liability  of  all  our  streams  to  sudden  freshets  and  their 
attendant  drift  and  ice-gorges,  seems  to  have  had  little  effect  upon 
the  design  and  construction  of  what  are  commonly  known  as  river- 
tipples,  beyond  the  building  of  breakwaters,  and  other  similar 
devices,  to  guard  expensive  structures  from  damage. 

The  first  method  adopted  for  such  transfer  was  a  simple  incline, 
with  a  movable  cradle,  which  could  be  raised  or  lowered  to  suit  the 
different  stages  of  water.  This  system,  though  limited  to  a  small 
capacity,  and  to  cars  not  larger  than  those  commonly  used  under- 
ground, possessed  two  advantages.  The  first  cost  was  comparatively 
small ;  and,  since  the  structure  did  not  obstruct  the  channel,  there 
was  little  risk  from  freshets,  the  utmost  damage  from  which  could 
be  repaired  at  small  expense.  Its  disadvantages,  however,  were 
many,  the  principal  among  them  being  the  breakage  of  the  coal  by 
reason  of  the  necessarily  high  dump;  the  damage  to  barges  from 
the  same  cause;  and  tiie  difficulties  of  screening  and  distributing 
the  different  sizes  into  separate  barges. 

That  system  has  been  almost  wholly  abandoned  of  late,  in  favor 
of  the  basket-arrangement,  lowering  vertically  into  the  barge,  with 
the  aid  of  counter-weights,  which  return  the  emjity  basket ;  while 
pipes  or  chutes  convey  the  small  coals  into  other  barges,  from  a 
complete  set  of  screens,  which  this  method  will  readily  accommo- 
date. As  far  as  my  observations  have  gone,  the  latter  system  is 
now  universally  employed  along  all  the  tributaries  of  the  Ohio.     It 
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has  beeu  elaborated  to  meet  enlarged  outputs,  until  the  cost  of  con- 
struction, in  many  cases,  has  reached  $40,000  or  $50,000.  Where 
mines  have  been  connected  with  the  river  by  railway,  necessitating 
the  transfer  into  larger  cars  at  the  drift-mouth,  the  same  system  has 
been  employed  to  lower  the  railway-cars,  so  as  to  avoid  the  breakage 
from  an  extra  dumpage.  Owing  to  the  fact,  however,  that  a  barge 
must  be  loaded  uniformly,  to  avoid  damage,  it  has  not  been  found 
advisable  to  dump  more  than  two  or  three  tons  on  any  one  point; 
and  the  largest  car  I  have  seen  lowered  in  this  manner  had  a  maxi- 
mum capacity  of  about  six  tons,  dumping  from  the  center  upon  a 
roofed  cage,  so  as  to  distribute  the  load. 

The  Winifrede  Coal  Company  has  an  arrangement  of  this  kind, 
with  the  largest  capacity  on  the  Kanawha,  excepting  the  transfer 
hereafter  described.  I  believe  its  maximum  work  has  been  about 
1300  tons  in  twelve  or  fourteen  hours.  Without  knowing  the  exact 
cost,  I  would  estimate  it  at  between  $25,000  and  $30,000,  including 
the  structures  for  its  protection.  At  the  Faulkner  mines,  thirty 
miles  above  Charleston,  a  regular  basket-arrangement  has  been 
erected,  at  a  cost  of  about  $26,000  ;  and  the  Crescent  mines,  two 
miles  lower,  have  a  similar  arrangement,  costing  about  $20,000.  I 
do  not  think  either  of  these  tipples  can  transfer  more  than  400  tons 
per  diem.  They  were  built  by  Pittsburgh  contractors,  and  copied 
from  the  best  devices  in  use  there. 

Since  the  best  devised  structures,  upon  such  waters  as  the  Ohio, 
are  liable  to  be  washed  away,  and  become  a  total  loss,  it  is  clear  that 
one  of  the  first  considerations  should  be  economy  in  construction, 
and  that  as  little  resistance  as  the  conditions  will  admit,  should  be 
opposed  to  the  current.  Where  breakwaters  are  used,  they  must  be 
raised,  to  afford  absolute  protection,  at  least  fifty  feet  above  low 
water.  Such  a  structure  in  stone,  would  be  beyond  the  means  of 
most  coal  operators;  and  in  timber,  they  are  not  only  expensive,  but 
depreciate  rapidly  at  and  above  the  water-line.  Bearing  the  above 
conditions  in  mind,  and  confining  my  remarks  to  the  transfer  of 
bituminous  coal  into  barges,  I  should  name  the  following  desiderata 
in  order  of  importance. 

1.  The  arrangement  should  permit  a  structure  accommodating 
any  car  ;  and,  since  the  majority  of  the  mines,  in  the  future,  must 
reach  the  rivers  over  lines  of  railway  too  extensive  for  the  economical 
use  of  small  cars,  the  requirements  of  the  standard  railways  should 
be  met. 

2.  All  bituminous  coals,  being  more  or  less  damaged  by  breakage, 
should  be  handled  as  gently  as  possible.     Since  breakage  occurs  not 
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only  from  the  shock  and  friction  on  the  bottom  and  sides  of  a  chute, 
but  fmrn  the  weight  and  grinding  of  the  superincumbont  mass  when 
in  motion,  it  is  clear  that  any  method  by  which  the  coal  can  be 
literally  carried,  while  it  remains  at  rest,  will  best  meet  this 
conilition. 

3.  The  barge  should  be  loaded  uniformly  ;  otherwise  its  timbers 
will  spring,  and  leakage  will  become  a  source  of  constant  expense. 
The  cost  of  a  barge  is  too  great  to  permit  the  neglect  of  any  pre- 
caution for  its  preservation. 

4.  The  cost  of  transfer  should  be  reduced  to  a  minimum,  and  the 
machinery  should  not  be  so  complicated  for  a  large  capacity,  as  to 
make  a  small  output  disproportionately  expensive. 

5.  The  capacity  should  be  practically  unlimited,  since  gravity 
furnishes  unlimited  power. 

6.  Above  all,  the  structure  should  be  a  protection  in  itself  against 
high  water,  or  subject  to  such  damage  only,  as  may  be  quickly  re- 
paired at  a  small  cost. 

After  a  careful  study  of  the  conditions  and  requirements — which 
are  of  course  slightly  modified  by  circumstances — I  have  ventured 
to  make  a  departure  from  the  conservative  methods  now  in  use,  and 
submit  herewith  drawings  of  a  transfer  erected  on  the  Kanawha,  for 
the  Mt.  Carbon  Company,  Limited,  which  I  think  are  sufficiently 
clear  to  need  little  explanation. 

As  this  transfer  has  been  in  use  for  several  months  past,  I  can 
refer  to  actual  as  well  as  theoretical  results.  As  will  be  seen,  it  is 
a  simple  application  of  a  flexible  steel  belt,  4  ft.  wide,  with  6-in. 
flanges,  and  95  ft.  from  center  to  center  of  sprocket-shafts.  The 
three  chains  are  made  of  |  x  2-in.  steel  bars,  with  |-in.  steel  pins, 
6  in.  from  centers.  Each  alternate  link  has  a  2-in.  flange,  to  which 
is  bolted  a  segment  of  the  belt,  as  shown  on  the  detail-drawing  ; 
consequently  every  other  link  is  an  idler,  which  increases  the  flexi- 
bility of  the  belt.  The  segments  are  made  of  No.  12  gauge  soft 
steel,  and  lap  |  in.  The  lower  lap  is  curved  downwards,  for  which 
the  idle  link  is  notched. 

The  hopper  underneath  the  car  holds  less  than  a  ton ;  conse- 
quently the  belt  practically  draws  the  coal  direct  from  the  car  after 
this  hopper  has  been  once  filled.  The  feed-apron  is  narrower  than  the 
belt,  and  is  adjustable  so  as  to  feed  automatically,  the  coal  on  the  belt 
regulating  the  charge.  I  find  no  difficulty  in  regulating  the  feed 
to  any  desirable  load  ;  and  no  attendant  is  required.  The  links  of 
the  loaded  chain  run  in  small  flanged  rollers,  placed  every  4  ft. 
on  6-in.  girders,  24  ft.  in  length,  with  fish-joints  at  every  point  of 
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suspension.  It  will  be  seen  that  there  are  four  such  points  within 
the  95  ft.,  for  which  I  have  used  eight  2-ton  differential  blocks,  four 
on  each  side.  I  first  proposed  to  use  counterweights  at  these  points ; 
but  upon  estimation  found  the  blocks  were  the  cheaper  and  more 
satisfactory. 

The  total  weight  of  belt  and  attachments,  exclusive  of  the  upper, 
or  fixed,  shaft  and  sprockets,  is  five  tons;  and  the  level  load  is  five 
tons;  consequently  each  revolution  of  the  belt  conveys  a  little  more 
than  ten  tons.  The  arrangement  for  returning  the  empty  portion  of 
belt  consists  of  three  pulleys,  2  ft.  in  diameter  by  12  in  face,  set  on 
the  shaft  so  that  each  pulley  supports  a  chain.  To  suit  the  different 
stages  of  water,  the  entire  system  can  be  readily  raised  or  lowered  at 
one  end,  by  one  man,  care  being  taken  to  have  the  girders  in  line 
when  the  proper  elevation  is  reached.  The  guide  on  the  movable 
end  is  an  arc  of  the  circle  to  which  the  belt  is  radius;  though,  to 
cover  any  inequalities,  or  spring  in  the  timbers,  the  fixed  ends  of 
the  girders  are  provided  with  movable  connections  to  the  main 
shaft,  which  is  also  provided  with  extension-boxes,  to  facilitate 
making  the  connections.  The  chute  which  distributes  the  load  in 
the  barge  is  built  of  light  steel,  arranged  so  as  to  convey  the  coal 
to  both  sides  at  the  same  time,  the  proportion  delivered  to  either 
being  regulated  by  the  angle  of  inclination.  It  is  adjusted  so  that 
the  coal  moves  in  it  very  slowly,  and  has  a  minimum  drop  into  the 
barge.  When  the  sides  have  been  fully  loaded,  the  hinged  apron 
is  folded  back,  and  the  discharge  falls  in  the  center  of  the  barge, 
which  is  thus  loaded  so  as  to  require  little  or  no  levelling. 

It  is  apparent  that  the  greatest  inclination  of  the  belt  should  not 
exceed  the  friction-angle  of  coal  on  iron  ;  and  that,  within  certain 
angles,  gravity  will  revolve  the  belt,  on  the  principle  of  an  ordinary 
incline.  Though  I  put  a  brake-wheel  on  the  main  shaft,  intending 
at  the  time  to  use  gravity-power,  I  determined  later  to  make  use  of 
a  small  6  x  8-in.  engine,  which  was  on  hand  to  operate  a  capstan  for 
handling  the  barges.  I  connected  the  belt  with  it,  and  made  the 
greatest  angle  of  inclination  only  15  degrees.  The  belt  is  speeded 
to  100  ft.  per  minute — the  engine  making  150  revolutions — and 
makes  a  complete  revolution  in  a  little  less  than  two  minutes.  In 
actual  practice,  the  belt  empties  a  twelve-ton  car  in  two  minutes,  or 
at  the  rate  of  360  tons  per  hour.  This  capacity  can  be  increased, 
without  additional  expense,  by  simply  increasing  the  speed  of  the 
belt,  or,  at  a  very  small  additional  cost,  by  increasing  its  width. 

As  the  belt  has  never  been  operated  by  gravity  alone,  I  am  not 
able  to  say  exactly  what  the  factor  of  friction  is,  but  am  satisfied 
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that  it  will  revolve  between  the  angles  of  ten  and  thirty  degrees; 
in  other  words,  it  can  be  operated  l)v  gravity  alone,  through  an  arc 
of  twenty  degrees  ;  and  with  a  radius  of  95  ft.  this  arc  would 
approximate  a  difference  in  elevation  of  34  ft.,  which  is  more  than 
ample  to  cover  all  loading-stages  in  the  river. 

I  find  that  the  little  engine  mentioned  will  run  the  loaded  belt 
without  difficulty,  in  a  horizontal  position;  consequently  the  total 
friction  must  be  considerably  less  than  the  power  of  its  c^dinder,  as 
it  is  geared  (the  gravity  force  exerted  in  direction  of  belt,  at  any 
angle,  may  be  easily  determined  by  the  resolution  of  forces).  The 
total  cost  of  all  the  iron  in  the  structure  was  $2400,  excepting  only 
the  engine  and  boiler,  which  cost  originally  about  $000.  To  this  must 
be  added  100,000  ft.  of  white-oak  timber  in  the  crib  and  trestle,  which 
cost  $2000  erected,  and  $600  for  stone  filling,  making  the  total  cost, 
in  working  order,  $5G00,  including  engine,  capstan,  and  all  gearing. 
The  cost  in  timber  and  stone  will,  of  course,  vary  according  to 
conditions.  It  will  be  seen  from  the  drawings  that  I  have  used 
timbers  lavishly,  both  in  the  wings  of  the  crib  and  for  the  ])rotection 
of  the  bank.  The  whole  structure  is  so  framed  and  drift-bolted 
together  that  no  part  can  be  moved  independently  of  the  other,  in- 
cluding the  stone  crib,  which  extends  back  to  the  railway  grade, 
fifty  feet  above  low  water,  and  ten  feet  above  the  Che.sapeake  and 
Ohio  Railway. 

The  distance  between  bents  being  24  ft.,  little  resistance  is 
offered  to  the  current  (none  of  them  are  in  the  channel);  and  even 
should  drift  or  ice  gain  a  lodging,  there  is  as  much  strength  to 
withstand  the  pressure  as  is  presented  by  an  ordinary  breakwater. 
The  belt  can  be  raised  clear  of  water,  up  to  a  40-ft.  rise,  and  should 
this  (the  highest  gauge  yet  recorded)  be  exceeded,  it  can  be  lowered  in 
safety  beneath  the  surface.  As  the  crib  is  filled  so  that  it  cannot  be 
undermined,  the  greatest  damage  which  could  po.ssibly  result  would 
be  the  breaking  of  the  bents,  which  are  comj)osed  of  four  timbers 
of  12xl2-in.  oak,  each  firmly  bolted  and  braced  to  the  stone  crib 
and  its  two  wing-walls.  The  belt  would  of  course  remain  ;  and 
even  sucii  an  improbable  catastrophe  would  result  in  small  damage. 

In  actual  working,  only  two  men  are  required  to  run  this  con- 
veyor to  its  full  capacity:  an  engineer,  at  $1.50  per  day,  who  also 
attends  the  capstan,  and  one  man  on  the  barge  at  $2  per  day,  who 
is  a  carpenter  and  calker;  consequently  the  total  cost  per  diem  does 
not  exceed  $3.50.  The  trainmen  dump  the  cars  ;  but  if  this  ex- 
pense be  added  it  would  amount  to  $2.50  more.  The  tracks  are 
arranged  so  that  the  loads  run  in,  and  empties  out,  on  down  grades 
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In  three  months'  working  the  cost  of  repairs  has  been  nothing; 
and  since  every  member  lias  a  large  bearing  and  safety- factor,  the 
wear  and  depreciation  will  be  very  slight.  No  breakwaters  have 
been  put  in,  nor  is  there  need  for  any  ;  since  the  current  is  slacked 
by  Dam  Xo.  2. 

Apart  from  the  advantages  already  named,  it  has  been  clearly 
demonstrated  that  both  coal  and  coke  can  be  put  in  barges  with 
half  the  breakage  of  any  other  arrangement  I  have  seen;  that  there 
is  nothing  complicated  to  get  out  of  order ;  that,  as  the  barge  sinks 
in  proportion  to  the  load,  the  belt  has  to  be  moved  only  for  the 
different  stages  of  water.  Moreover,  there  is  no  danger  to  life  or 
property  from  the  breakage  of  any  part,  as  is  the  case  with  the 
vertical  system,  in  which  I  have  frequently  known  the  breaking  of 
a  rope  to  cause  the  loss  of  life,  barge  and  car. 

With  self-dumping  cars,  I  would  feel  safe  in  guaranteeing  to 
transfer  4000  tons  with  this  machine,  within  twelve  hours,  at  a  cost 
per  ton  not  exceeding  two-tenths  of  a  cents,  and,  with  a  few  hun- 
dred dollars  extra  outlay,  I  would  undertake  to  double  this  capacity, 
and  lower  the  cost  named. 

As  the  mines  of  the  Mt.  Carbon  Company  are  connected  with 
the  river  by  five  miles  of  standard-gauge  railway,  and  their  coal  is 
screened  at  the  mine-tipple,  where  they  have  202  bee-hive  ovens,  no 
arrangement  has  been  made  to  separate  the  nut  and  slack  at  the 
river.  The  vertical  distance  between  the  car  and  belt,  however, 
could  be  easily  utilized  for  screens  ;  and  the  small  coals  could  be 
conveyed  to  either  side  of  the  belt,  where  they  could  be  carried  by 
a  trough  and  scrapers,  connected  to  the  main  shafts,  into  separate 
barges,  which  might  be  arranged  inside  of  the  lump-receiver.  Under 
favorable  conditions,  the  angle  of  inclination  to  these  inside  barges 
would  be  sufficient  to  slide  the  coal  in  fixed  pipes,  since  breakage 
there  need  not  be  considered. 

In  submitting  this  transfer  to  the  Institute,  I  am  convinced  that 
the  principle  is  the  correct  one,  and  that  it  is  capable  of  modifica- 
tions to  meet  the  greatest  number  of  conditions,  for  various  purposes 
other  than  the  handling  of  coal.  To  those  who  may  have  any  doubts, 
I  will  take  pleasure  in  pointing  out  actual  results.  An  engineer 
of  reputation,  manager  of  a  large  property,  and  prepared  to  doubt 
all  things  new,  recently  stood  for  several  hours  with  watch  in  hand, 
timing  the  cars  as  they  were  dumped.  When  satisfied,  he  informed 
me  that  the  rate  of  transfer,  by  his  time,  was  500  tons  per  hour. 
Yet,  in  addition  to  the  brakemen  who  were  dumping  the  cars,  there 
were  only  two  workmen  present,  the  engine-man  and  the  barge-man. 
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PIG-IBON  OF  UNUSUAL  STRENGTH. 

BY   FRED.    P.    DEWEY,   WASHINGTON,   D.   C. 

(lUiniilo  Meeting,  October,  1888.) 

The  product  of  the  Miiirkirk,  Md.,  furnace  has  always  enjoyed  a 
very  high  reputation  for  strength  ;  and  this  is  snpjwrted  not  only  by 
its  heliavior  in  practice,  both  alone  and  in  mixtures,  but  also  by  the 
following  series  of  tensile  tests,  made  at  various  times  during  the 
last  fourteen  years : 

South  Boston  Iron  Co.,  November  lOth,  1874. 

strength.    Pounds 
Grade.  per  .square  inch.  Density. 

No.  3, 30,685  7.2794 

No.  4, 35,140  7.2713 


Washington  Navy 

Yard*  March  Zlst,  1875. 

Number 

of 
sample. 

Shape  of  sample. 

Diamt'ter 

of  sample. 

Inches. 

Length 

of  sample. 

Inches. 

Breaking- 
strain  in 
pounds. 

Breaking- 
strain  in  lbs. 
per  sq.  inch. 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
6 

Groove. 

Curved  groove. 

Cylinder. 

Curved  groove. 

Cylinder. 

Curved  groove. 

Cylinder. 
Groove. 

.568 
.567 
.568 
.568 
-.568 
.568 
.568 
.568 
.648 
.660 
.660 
.665 
.564 
.564 

•  2.25 
2  25 

groove. 

2.25 

2.25 

groove. 

2.4 

2.5 

groove. 

2.25 
groove. 

5275 

5600 

5350 

5650 

5690 

6460 

5655 

6480 

15750 

13750 

14425 

14000 

9920 

9460 

20817  1 

22178 

21113 

22297 

22454  1 

25493 

23316 

25572 

47756  '- 

40193 

42166 

40311 

39712 

37840 

■ 

No.  2  Iron. 
Average, 
21601  lbs. 

No.  3  Iron. 
Average, 
23959  lbs. 

No.  4  Iron. 
Av.,413291bs. 
Sample.  Sp.  gr. 
No  1,7.3251 

"     2, 7.3467 

Philadelphia  Scale  and  Testing  Works  *  October  a\st,  1879. 


Samples 
marked. 

Diameter 
in  inches. 

Area  in 
sq.  inches, 

Breaking 
strain  in  lbs. 

Breaking  st 
in  lbs.  perse 

rain 
.in. 

s 

0.798 

0.5 

20.'^80 

40760" 

s 

0.804 

0.5076 

21100 

41568 

No.  4  Iron. 
Average, 
40771  lbs. 

H 

0.802 

0.5051 

20740 

41061 

H 

0.802 

0.5051 

20050 

39695 

*  Jour.  U.  S.  Ass'n  Charcoal  Iron  Workers,  vol.  v,,  p.  47. 
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Atlas  Works,  Pittsburgh,  Pa.*  May,  1882. 

Breaking-strain  in 
pounds  per  sq.  inch. 

.     42,300 


Tested  on  Gill's  testing-machine,  No.  4  iron, 


Thomas  Iron  Co.,\  Hokendauqua,  Pa.,  November  IQth,  1883. 

No.  4  iron.    Break- 
ing-strain in  pounds 
per  square  inch. 

1st, 50,320 

2d 52,160 

Average, 51,240 

All  these  tests  were  made  upon  pieces  cut  from  the  pig  as  cast  in 
the  usual  way  at  the  furnace. 

That  this  strong  iron  is  not  accidental  is  shown  by  the  fact  of  its 
being  produced  during  so  many  years. 

At  first  no  break  was  made  in  the  furnace-grading  between  No.  4 
and  mottled  iron,  but  it  was  observed  that  the  high  tests  were  always 
obtained  with  a  very  close  and  uniform  iron,  so  that  now  two  and 
sometimes  three  grades  are  made  between  Xos.  4  and  5,  and  on  spe- 
cial order  the  pig  is  so  graded  that  40,000  pound  metal  is  sold 
with  a  guarantee.  The  last  three  tests  given  above  were  of  iron 
selected  in  this  way,  and  no  iron  so  selected  has  ever  fallen  short. 

The  following  are  recent  tests  made  at  the  Watertown  Arsenal, 
and,  while  the  figures  are  lower,  it  must  be  remembered  that  this 
machine  gives  uniformly  lower  results. 

U.  S.  Testing  Machine,  Watertown  Arsenal,  Mass.,  3Iarch  5th,  1885. 
Four  Samples  Muirkirh  Pig- Iron  by  Tension. 


Test 
numbers. 

Furnace 

grade. 

No. 

Diameter, 
inclaes. 

Sectional 

area. 
Sq.  inches. 

Ultimate  strength. 

Appearance  of 
fractures. 

Total  lbs. 

Lbs.  per 
square  inch. 

3983 
3984 
3985 
3986 

2 
3 
4 

^ 

1.132 

1.137 
1.137 
1.140 

1.006 
1.015 
1.015 
1.021 

19,040 
22,950 
32,840 
35,010 

18,930 
22,610 
32,350 
34,290 

Coarse  granular. 

Varies  from  fine  to 
coarse  granular. 

Fine  granular  uni- 
form appearance. 

Fine  granular  with 
light  gray  spots. 

Total  length  of  specimen,  23  to  2^\  inches.  Length  between  collars,  IGj  to  17 
inches.  No.  3983,  fractured  at  neck.  No.  3984,  fractured  at  middle  of  stem.  No. 
3985,  fractured  1  inch  from  middle  of  stem.     No.  3986,  fractured  at  neck. 


*  Jour.  U.  S-  Ass^n  Cfuircoal  Iron  Worlcers,  vol.  iii.,  p.  185. 
f  Ibid.,  vol.  v.,  p.  47. 
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Recently  a  complete  series  of  specimens,  consisting;  of  two  each  of 
Nos.  4,  4},  4i  and  4f,  were  sent  to  the  Yale  and  Towne  Co.,  with 
the  understanding  that  they  woidd  test  each  number  as  received, 
and  after  annealing;  96  and  144  hours,  on  an  Einery  machine,  simi- 
lar to  the  Watertown  Arsenal  machine.  For  some  unexplained 
reason  the  full  plan  was  not  carried  out  by  the  Yale  and  Towiie  Co., 
and  the  results  are  not  nearly  as  valuable  as  they  would  be  had  this 
been  done;  but  tiiey  present  some  interesting  and  valuable  points 
and  I  therefore  give  their  report  in  fidl  : 

Report  of  Tests  of  Muirkirk    Cluircoal  Pig-iron,  by  the   Yale   and 
Towne  Manufacturing  Co.,  Stamford,  Conn.,  Oct.  8th,  1888. 


Grade. 

Before  annealing. 

Annealed  96  hours. 

Annealed  144  hours. 

Breaking 

load  in  lbs. 

per  sq.  in.  in 

tension. 

Character  of 
the  iron 

as  shown  by 
fracture. 

Breaking 

load  in  lbs. 

per  sq. in. in 

tension. 

Character  of 
the  iron 

as  shown  by 
fracture. 

Breaking 

load  in  lbs. 

per  sq.  in.  in 

tension. 

Character  of 
the  iron 

as  shown  by 
fracture. 

No.  4. 

32,287 
33,074 

Gray 
and  close. 

Gray 
and  close. 

24,181 
24,241 

Dark,    and 
more  open 
than  before. 

Dark,   and 
more  open 
than  before. 

No.  4}. 

26,482 
25,197 

Dull  dark- 
gray,  with 
some  silvery 
gray. 

Dull  dark- 
gray,  with 
some  silvery 
gray. 

26,775 
27,564 

About  the 

same  as 
after  96  hrs. 
annealing. 

About  the 

same  as 
after  96  hrs. 
annealing. 

No.  41 

33,919 

40,85-5 

White  iron 

with  spongy 

center. 

White  with 
no  flaws. 

37,798 

A  very 
bad  flaw. 

White 

with  spongy 

center. 

A  very 
bad  flaw. 

No.  4|. 

41,025 
36,893 

White 

with  spongy 

center. 

White 

with  spongy 

center. 

38,217 
31,471 

White  with 
no  flaw. 

Wiiite 

with  spongy 

center. 

Note. — In  each  case  the  pig-iron  was  melted  in  a  graphite  crucible  and  cast  in 
green-sand  mould,  in  test-bars  18  inches  long  by  1  inch  in  diameter. 
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Compared  with  the  above  figures  the  following  table  gives  the 
tensile  strength  of  similar  irons  made  with  charcoal  for  fuel,  and 
with  a  warm  blast : 


Stickney  Iron  Co.,  No.  4,* 
Salisbury  Iron  Co.,  No.  4,f 
Tecmnseli  Iron  Co.,  No.  4,J 

Pounds  per  square 
inch. 

.     30,000  to  33,000 

.     34,407 

.     27,800 

Copake  Iron  Co.,  No.  4,? 
u              it         It        i(      41 

Density. 
.  7.3347     . 
.   7.3131     . 

.     33,428 

.     28,627 

The  Muirkirk  Furnace||  is  located  at  Muirkirk,  Prince  George's 
county,  Md.,  14  miles  from  Washington,  D.  C,  and  26  miles  from 
Baltimore  on  the  Baltimore  &  Ohio  R.R,  The  stack  is  29  by  8J 
feet  in  size,  and  was  built  in  1847.  It  is  worked  with  open  top,  and 
the  blast  is  heated  by  a  Raymond  &  Campbell  stove.  The  blowino-- 
engine  has  two  cylinders,  5-feet  stroke,  42  inches  diameter,  run- 
ning about  9  revolutions  per  minute,  and  the  blast  is  delivered  at  | 
to  §  inch  of  mercury. 

Its  capacity  is  4200  tons  yearly,  and  the  product  is  mainly  con- 
sumed for  car-wheels  and  chilled  work  generally,  for  armament,  for 
flanged  iron,  and  for  high-grade  castings,  for  which  its  strength  emi- 
nently fits  it.     It  is  owned  and  operated  by  Mr.  Charles  E.  Coffin. 

The  ores  used  are  generally  known  as  Baltimore  ores,  and  consist 
of  carbonate  of  iron,  sometimes  found  pure  in  large  masses,  but  gen- 
erally more  or  less  altered  to  limonite  and  hematite.  Sometimes  the 
alteration  is  complete,  and  no  trace  of  the  carbonate  remains.  It  is 
not  infrequent  to  find  pieces  of  natural  charcoal  in  the  carbonate- 
ore,  but  a  search  extending  over  several  years  has  failed  to  discover 
any  in  the  solid  altered  ores.  Occasionally  beautiful  small  crystals 
of  selenite  are  found.  v 

The  ores  are  classified  roughly  as  white  and  brown  ore,  the  first  con- 
sisting largely  of  the  unaltered  carbonate,  which  is  very  light-colored, 
while  the  .second  consists  largely  of  the  altered  carbonate,  being  partly 
limonite  and  partly  hematite.  Some  of  the  furnaces  of  the  region 
esteem  the  white  ore  above  the  brown,  but  there  does  not  seem  to  be 


*  See  beyond. 

t  Jour.  U.  S.  Ass'n  Charcoal  Iron  Workers,  vol.  v.,  p.  366. 

X  Jour.  U.  S.  Ass'ti  Charcoal  Iron  Workers,  vol.  v.,  p.  36. 

§  MS.  in  National  Museum. 

II  Jour.  U.  S-  Ass'n  Charcoal  Iron  Workers,  vol.  i.,  No.  2,  p.  10. 
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any  real  iiiomul  for  so  (l()in<:;.  The  ore  occurs  in  scattered  nodules, 
in  clay  of  the  upper  division  of  the  Potomac  formation  of  McGee,* 
the  exact  age  of  wliich  is  in  doubt,  but  it  is  either  very  late  Jurassic 
or  very  early  Cretaceous,  the  faunaf  indicating  the  former  and  the 
floral  the  latter.  There  is  more  or  less  apparent  banding  in  the 
position  of  the  nodules,  which  corresponds  witii  the  bedding  of  the 
clay. 

These  ore-bearing  clays  extend  from  just  north  of  the  Susque- 
hanna river  to  the  Potomac  river,  but  their  greatest  exploitation  is 
al)out  the  city  of  l^altimore,  whence  the  name  Baltimore  ores. 

The  general  })lan  of  mining  is  the  same  in  the  whole  region. 
Wiiercver  ore  is  found,  or  the  indications  seem  to  be  good,  digging 
is  commenced,  and  the  ore  found  is  taken  out.  This  is  continued  in 
an  open  cut  as  long  as  sufficient  ore  is  found  to  pay  for  removing 
the  cover.  When  the  cover  becomes  too  great  the  opening  is  aban- 
doned, and  a  new  one  is  made  elsewhere.  The  old  miners  say  that 
an  incli  in  thickness  of  ore  will  pay  for  removing  a  foot  thick 
of  clay,  and  it  is  found  in  practice  that  from  10  to  12  loads  of  clay 
are  taken  out  for  one  load  of  ore.  A  bank  producing  10  tons  daily 
is  considered  a  good  one.  Regular  mining  has  been  undertaken  in 
a  few  cases,  but  has  been  soon  abandoned,  either  completely  or  for 
open-cut  work,  based  upon  the  underground  work.  /V  peculiarity 
of  these  clays  is  that  the  dumps  from  the  ore-banks  form  a  conge- 
nial soil  for  white  clover,  which  springs  up  spontaneously,  and  in  a 
single  season  will  form  a  very  fair  cover,  thus  changing  the  un- 
sightly dumps  into  a  pleasing  feature  of  the  landscape. 

The  composition  of  the  ores  is  shown  by  the  following  analyses: 

Average  of  Ten  Analyses  made  by  J.  Blodgett  Britton  in  1868 

and  1869; 

Per  cent. 

Metallic  iron, 45,38 

Insolulile  yiliceons  matter, 15.30 

Snlphnr, 0.078 

Phosphorii.'s, .0.119 

The  loss  by  ignition  averaged  for  three  determinations  12.80  per 
cent. 


*  Am.  Jr.  Sci.,  Third  Series,  vol.  xxxv.,  p.  129. 

t  O.  C.  Marsh,  Am.  Jr.  Sci.,  Third  Series,  vol.  xxxv.,  p.  89. 

X  L.  F.  Ward,  Am.  Jr.  Sci.,  Third  Series,  vol.  xxxvi.,  p.  119. 
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Analyses  from  Tenth  Census  Report,*' 


Carbonate, 
Hematite 

and 
Limonite. 

G.  L.  Ska?gs. 
Branch  ville. 

Carbonate 

and 
Hematite. 

Geo.  Yokel, 
BeltsviUe. 

Hematite 
with  some 
Limonite. 

Muirkirk 

furnace. 

Prince  Geo. 

County. 

Carbonate. 

Furnace- 
sample, 
Muirkirk 
furnace. 

Hematite 
with  a  little 
Carbonate. 

J.  O'Brien, 
Contee's. 

No.  1037. 

No.  1038. 

No.  1041. 

No.  1042. 

No.  1043. 

Metallic  iron 

40.85 
0.060 

0.147 

46.51            43.25 
0.115            0.101 

41.07       ;      45.57 

1 

0.060     '        0.090 

Phosphorus 

Phosphorus     in     100 
parts  of  iron 

0.247 

0.233 

0.146 

0.197 

Eemarks. 

No.  1037.  Sample  taken  from  a  car-load  of  20  tons,  Branchville  station,  B.  &  O. 
Kailroad. 

No,  1038.  Sample  taken  from  pile  of  about  10  tons  of  nodules  at  tiie  mine. 

No.  1041.  Sample  taken  from  pile  of  about  5  tons  at  Muirkirk  furnace,  2  tons  on 
cart.«,  3  tons  at  the  ore-banks. 

No.  1042.  Sample  taken  from  pile  of  about  1000  tons,  Muirkirk  furnace,  white  or 
Strictly  carbonate  portions  selected;  raw  ore  supplied  to  furnace  by  Freil  &  Mill- 
brook's,  Donaldson's  and  Wood's  banks. 

No.  1043  Samples  taken  from  30  tons  of  no.lnles  at  the  mine  and  40  tons  at 
Contee's  station. 


Carbonate. 
Hematite,  Lim- 
onite. 

Furnace  sample, 
Muirkirk 

furnace. 

Roasted  ore. 

Furnace  sample, 
Muirkirk 

furnace. 

Remarks 

No.  1039. 

No.  1040. 

Metallic  iron 

42.91          1         46  9.5          1     ■\"„  1  Aon      c!„       i_ 

Phosphorus 

0  073 

„,„„          taken    from    pile   of 

Phosphorus  in  100  parts  iron 

0.170 

0.234 

about    1000    tons   at 
Muirkirk  furnace. 

*  Tenth  Census,  vol.  xv.,  Mining  Industries,  pp.  248  and  546. 
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Analyses  by  the  Clieinlst  of  the  Thomas  Iron  Company. 
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All  the  ore  is  roasted  before  smelting,  so  that  practically  all  the 
iron  enters  the  furnace  as  anhydrous  sesquioxide  of  iron.  Circu- 
lar kilns  are  used  for  roasting;  charcoal  and  coke-braize  are  used 
for  fuel  ;  but  no  account  of  the  amount  consumed  for  this  purpose 
has  ever  been  kept.  The  fuel  used  in  the  furnace  is  charcoal,  made 
principally  from  pine,  chestnut  and  oak.  Formerly  only  pit-  or 
meiler-coal  was  used  ;  but  in  the  latter  part  of  1882  three  circular 
kilns  were  erected  at  the  furnace.  The  kiln-coal  proved  so  satis- 
factory that  more  kilns  were  erected;  and  now  almost  all  the  char- 
coal is  made  at  the  furnace  in  these  kilns. 

Oyster-shells,  obtained  from  the  oyster-dealers  in  Baltimore,  are 
used  for  flux.  They  make  an  excellent  flux,  requiring  no  crushing 
or  other  preparation,  and  are  high  in  carbonate  of  lime,  as  is  shown 
by  the  following  analysis  of  an  air-dried  sample  made  by  J.  Blod- 
gett  Britton  : 


Carbonate  of  lime,  . 

Carbonate  of  magnesia,  . 

Insoluble  earthy  matter, 

Sulphuric  acid, 

Phosphoric  acid, 

Alumina  with  a  little  oxide  of  iron, 

Water,  soda,  undetected  matter  and  loss 


Per  cent. 
96.45 
.85 
1.34 
.07 
.03 
.45 
.81 

100.00 


The  ordinary  running  of  the  furnace  is  illustrated  by  the  follow- 
ing records : 

Muirliirh  Furnace*  Md. 


Average  weekly  product  of  pig-iron  for  six  weeks, 

in  tons  of  2240  pounds 80.2  tons 

Estimated  carbon  in  fuel, 90.0  per  cent. 

Average  heat  of  blast, 850  degrees 

Average  quantity  used  to  ^  a.   Fuel,      .         .         .  2410  pounds 

the   gross    ton  of  pig-  V  h.  Iron  ore,         .         .  4827       '' 

iron  made.  J  c.    Limestone,     .         .  690       '' 

Burden  (total  ore  and  limestone),  per  ton  of  iron,  5517       " 

Burden,  per  pound  of  charcoal,     ....  2289       '* 

Burden,  per  pound  of  carbon,        ....  2544      " 


*  Jour.  U.  S.  Ass'n  Charcoal  Iron  Workers,  vol.  ii..  No.  6,  p.  373.     From  a  com- 
parison of  the  operations  of  twelve  typical  charcoal  furnaces. 
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Record  of  3Tuirkirk  Furnace^  Md. 


Record  of  Muirklrk  Furnace,  Md. 


Blast  No.  17.* 

April  7  to 
Dec.  2fi,  1882. 


Blast  No.  22. 

Aug.  15  to 

OctTSl,  1887. 


Blast  No.  23. 

May  14  to 
July  31, 1888. 


In  blast 

Stopped 

Actual  running 

Product  of  charcoal  pig 

Anioniit  of  ore  used 

.^nionnt  of  charcoal  received 
at  furnacet 

Amount  of  ore  j)er  ton  of  iron. 

.\verajie  charcoal  to  ton  of  \ns,. 

Best  \veek'.s  work  (7  days  con- 
secutive)  

Best  three  weeks'  work  (con- 
secutive)  

Best  week's  work  ou  charcoal 
(7  days  consecutive) 

Best  three  weeks'  work  on  char- 
coal, consecutive  (273  tonsl.. 

Average  day's  work  for  blast... 

Oyster  shells,  as  flux,  per  ton 
of  iron 

Revolutions  of  blowing  cylin- 
der, from  5o  to  9  per  minute. 


12, 


2r)4.5 
30.     a 
234.5 
2,584.5 
192,705 

296,229      c 
4,718 
114.6 

96 

273 

97.23/ 

104.85 
11.02 

950 


77 
0 

ri 

1,137 
,346,780 

123,325 

4,702 
108.i 

110. 

324. 

101 


78         Davs. 

3.256  Davs. 

74.75    Days. 


14 

877 


68^ 
76 


1,157 
5,546,083 

128,613      d 
4,793 
lll.lCe 

124.5 

355.5 

98.99A 


Tons. 
Pounds. 

Bushels. 
Pounds. 
Bushels 

Tons. 

Tons. 

Bushels 


Bushels 
15.34    Tons. 


838 


Pounds. 


a.  For  charcoal,  not  continuous. 
h.  For  repairs. 

c.  From  one-third  oak  and  chestnut,  and  two-thirds  pine.  Pit-  or  rueiler-coal 
(2748  cubic  inches  per  bushel). 

d.  Mostly  kiln-coal  (20  pounds  to  bushel). 

e.  July  31,  1888,  bridge-house,  boiler-house,  etc.,  destroyed  by  fire.  All  char- 
coal in  stock  is  charged  to  blast,  which  accounts  for  the  high  average. 

/.   On  96  tons  of  iron. 
g.  On  104  tons  of  iron. 
h.  On  124.5  tons  of  iron. 

It  was  hoped  that  the  last  blast,  No.  23,  would  bring  the  fuel- 
record  down  to  100  bushels  of  charcoal  per  ton  of  iron,  and  a  good 
start  was  made  in  that  direction  ;  but  the  nnfortunate  conflagration 
which  jirornaturely  cut  short  the  blast,  raised  the  average  above  the 
previous  l)last. 

The  1157  tons  of  iron  made  in  this  blast  were  graded  as  follows: 

Grade. 

No.  2 

No.  3 

No.  4, 

No.  4}, 

No.  4^, 

No.  45 

No.  5 


No.  6 159 


Tons. 

Per  cent. 

45.5 

3  93 

84 

7.26 

346 

29.91 

223.5 

19.32 

80 

6.91 

137.5 

11.88 

81.5 

7.04 

159 

13.74 

'^  Jour.  U.  S.  Ass'n  Charcoal  Iron  Woi-kers,  vol.  iv.,  No.  1,  p.  22. 
t  Includes  all  waste. 
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These  figures  represent  fairly  the  average  normal  product  of  the 
furnace,  and  show  well  the  tendency  to  make  close  (high)  gray  irons. 
While  only  11  per  cent,  of  the  iron  was  graded  below  No,  4,  less 
than  21  per  cent,  was  graded  Nos.  5  and  fi,  so  that  considerably  over 
two-thirds  of  the  iron  was  No.  4  and  its  fractions. 

No.  2  iron  is  a  rarity  at  the  furnace,  and  while  No.  1  is  not  un- 
known, yet  it  is  seldom  produced.  The  chief  reason  for  this  is  that 
the  production  of  No.  1  iron  unduly  increases  the  fuel-consumption. 

The  583  tons  of  iron  made  in  the  Wassaic*  furnace,  from  all  car- 
bonate-ore, were  graded  as  follows  : 

Grade.                                                                          Tons.  Per  cent. 

No.  3, 15  2.57 

No.  4, 442  75.81 

No.4J, 99  16.9S 

No.  5, .16  2.74 

No  6, 11  1.89 

These  figures  show,  even  more  markedly,  the  same  tendency  to 
high  gray  irons;  and  Mr.  Gridley  states  that  he  found  it  impossible 
to  make  soft  irons.  Although  he  succeeded  in  making  what  would 
normally  be  a  No.  1  cinder,  yet  the  iron  was  always  close. 

In  making  the  iron  from  which  the  No.  2  test  of  the  Thomas  Iron 
Company  was  taken,  114  bushels,  equal  to  2280  pounds,  of  charcoal 
per  ton  of  iron  were  used,  and  the  flux  was  20  per  cent,  of  the  weight 
of  the  ore.  The  raw  ore  averaged  36.4  per  cent,  in  iron.  Twenty 
charges  of  1200  to  1600  pounds  of  ore  were  made  per  twelve  hours. 

The  following  analyses  have  been  made  of  this  metal : 

No.  1.    Muirkirk  Pig-iron  No.  4. 

Carbon, 2.93 

Silicon,      ..........'.  0.72 

Sulphur, 0  035 

Manganese, 0.93 

No.  2.  MuirMrh  Pig-iron  No.  4. 

Phosphorus, 0.274 

Silicon, 0.83 

Manganese, 0.95 

Sulphur, 0.047 

Remarks. 

No.  1.  From  drillings  made  in  cutting  out  the  test-pieces.  Analyst,  the  chemist 
of  the  Thomas  Iron  Company. 

No.  2.  Drillings  taken  from  the  test-piece  after  fracture  and  analyzed  by  Mr.  J. 
A.  Allen  under  the  writer's  direction. 

*  Trans.,  xii.,  521.     See  also  beyond. 
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The  slag  made  at  the  same  time  showed  the  following  composition 


Muirhirk  Slag. 


Si02, 

AI.O3, 

FeO,. 

MnO, 

CaO, 

CaS,  . 

MgO, 

K2O, 

]S*a20, 


Analyst:  J.  A.  Allen. 


Per  cent. 

4G.85 

12.84 

3.20 

7.53 

25.35 

.34 

2.11 

2.23 

.49 

100.94 


In  constructing  the  large  pumping-cngine  for  the  Pittsburgh,  Pa., 
water-works,  the  Atlas  Work.s*  had  great  difficulty  in  getting  a  suit- 
able iron  for  the  valve-chambers,  etc.  After  investigating  the  Muir- 
kirk  iron  they  determined  to  make  use  of  it,  after  which  no  more 
trouble  was  experienced. 

During  the  investigation  the  test  of  strength  quoted  on  p.  4G1  was 
made,  and  also  the  following  analyses  of  strong  irons,  which  show 
wide  variations  in  graphite,  combined  carbon  and  manganese. 

Muirhirh  rig-Iron  No.  4. 


Silicon,     . 
Phosphorus, 
Graphitic  carbon, 
Combined  carbon. 
Manganese, 
Sulphur,  . 
Iron, 

100.000  100.000 

Analyst:  "William  Graff,  of  Graff;  Bennett  &  Co. 

Other  analy.ses  of  Muirkirk  iron  are: 

No.  U. 

Per  cent. 
Silicon,      ...........      .66 

Manganese, 1.38 

Analyst:  J.  A.  Allen. 

*  Jour.  U.  S.  Asa'n  Charcoal  Iron  Workers,  vol.  ill.,  p.  185. 

t  Tlie  decimal  point  here  is  evidently  misplaced,  and  it  should  be  S,  0.027.  Of 
many  determinations  of  sulphur  in  this  iron  that  I  have,  no  other  is  over  0.05  per 
cent.— F.  5.  D. 


September  12th, 

1882. 

Per  cent. 

June  19th 

1S.S3. 

Per  cent. 

.782 

.919 

.244 

.276 

2.55 

3.080 

.155 

.650 

.565 

1.441 

.2711 

.016 

95.433 

93.618 
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No.  4  Re-melted. 

Tet  cent. 

Silicon, 633 

Phosphorus, 247 

Manganese, 820 

No.  41  Re-melted. 

Per  cent. 
Silicon,      ...........       .613 

Phosphorus, 221 

Manganese,       ..........       .666 

Analyst:  A.  "VV.  Whitney,  Chemist  of  the  Whitney  Iron  Works. 

High  Chilling-Iron,  Giving  ^-Inch  Chill  in  Pig- Bed. 

Per  cent. 

Phosphorus 0.22 

Silicon, 0  59 

Manganese,       .......         ...     1.52 

Analyst:  Chemist  of  Pennsylvania  Railroad  Company. 

Other  furnaces  in  the  region  working  upon  the  same  ores,  with  the 
same  fuel  and  flux,  and  with  all  the  conditions  of  running  practically 
the  same,  have  not  succeeded  in  making  so  strong  an  iron. 

By  the  kindness  of  Mr.  G.  H.  Stickney,  president  of  the  Stickney 
Iron  Company,  I  am  enabled  to  give  the  following  results  from  their 
records  of  1882.  These  furnaces  are  situated  on  the  outskirts  of 
Baltimore : 

Roasted  Baltimore  Ore  Used  by  the  Stickney  Iron  Company, 
Making  Warm-Blast  Charcoal-Pig  for  Car- Wheels,  etc. 

Per  cent. 

Sesquioxide  of  iron,        ........  65.394 

Alumina,  ..........  7.204 

Oxide  of  manganese, 2.740 

Silica, 20.460 

Phosphoric  acid, 0.397 

Sulphur, trace 

Iron, 45.77 

Manganese, 1.97 

Phosphorus,    ..........  0.173 

Analyst:  George  H.  Stickney. 

Analysis  of  Oyster  Shells,  Stickney  Furnace. 

Per  cent 

Calcium  carbonate, 94.48 

Magnesium  carbonate, 094 

Ferric  oxide,     \ 

Alumina,  j...-. 

Sulphuric  acid, 0.80 

Phosphoric  acid, 0.06 

Soda, 0.05 

Insoluble, • 2.54 
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No.  4  Pig  of  the  Stickney  Iron  Company. 


All  Maryland 


Furnace  A. 


Part  Maryland. 
Tart  Foreign. 


Furnace  B. 


All  Foreign. 


Remarks. 


Silicon 

Snlphiir 

Phosplionis 
Manganese. 
Carbon 


0.774 
0.044 
0.282 
0.834 


0.572 
0.063 
0.229 
0.715 


0.829  Booth,  Gar 

0.051  rett    and 

n.069  Blair, 

0.368  Analysts 
3.256 


Tensile  strength  No.  4  iron,  30,000  to  33,000  pounds  per  square  inch. 

At  the  Roanoke  Meeting  of  the  Institute,  Mr.  E.  Gridley*  de- 
scribed some  pig-ironf  made  in  the  Wassaic furnace,  Amenia,  Dutchess 
county,  N.  Y.,  which  was  unusually  strong,  the  average  of  thirteen 
tests  of  No.  4  iron  giving  41,349  pounds. 

Mr.  Gridleyl  afterwards  reported  two  more  tests,  which  gave 
44,500  and  47,500  pounds  tensile  strength  per  square  inch.  Still 
later  §  he  reported  four  more  tests,  running  from  42,254  to  48,400 
pounds  tensile  strength  per  square  inch,  and  also  gave  two  analyses 
of  the  raw  carbonate-ore. 

This  iron  was  also  made  from  a  carbonate-ore,  but  richer  in  iroa 
and  manganese,  and  poorer  in  alumina,  than  the  Baltimore  ores. 

Wassaic  Roasted  Carbonate. 

Per  cent. 

Silica, 8.240 

Peroxide  of  iron, 77.202 

Alumina, 2.768 

Protoxide  of  manganese,         .......       3.005 

Lime, 1.650 

Magnesia, 1.167 

Pliospiioric  acid, 275 

Suiplmr, 224 

Loss  by  ignition,      .........       5.684 

Metallic  iron, 54.042 

Metallic  manganese,        ........      2.165 

Phosphorus, 120 

Analysts:  Booth,  Garrett  and  Blair. 

*  Trans.,  xii.,  91. 

f  It  is  unfortunate  for  the  sake  of  nomenclature  that  in  the  title  Mr.  Gridley 
called  his  metal  "ca«t-iron."  Since  it  liad  not  been  re-melted,  it  was  not  cast-iron 
but  pig-iron. 

X  Jour.  U.  S.  Ass^n  Charcoal  Iron  Workers,  vol.  iv.,  p.  186. 

§  Ibid.,  vol.  v.,  p.  45. 
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Although  this  ore  has  long  been  known  this  was  the  first  and  last 
time  it  was  ever  smelted.  It  had  in  some  way  acquired  a  bad  repu- 
tation among  the  furnace-men,  and  no  one  would  touch  it.  These 
tests,  however,  show  that  under  proper  conditions  it  will  make  a 
very  superior  pig-iron. 

This  strong  iron  is  very  different  in  composition  from  the  IMuir- 
kirk,  as  is  shown  by  the  following  analysis: 

Wassaic  Pig-iron  No.  4. 

Per  cent. 

Gr^P^'-^ie, 2.310 1    ^^^^j^  3  ^g^ 

Combined  carbon, 780  J 

Silicon, 1.307' 

Sulphur, 086 

Phosphorus, 294 

Manganese,     .......       1.512 

Iron, 93.700 

99.989 
Analyst:  Dr.  T.  M.  Drown. 

The  recently  published  results  of  Keep,  Mabery  and  Amorce*  on 
the  influence  of  aluminum  on  cast-iron,  taken  in  connection  with  the 
aluminous  character  of  the  Baltimore  ores,  might  naturally  lead  one 
to  suppose  aluminum  to  be  the  cause  of  the  strength  of  this  pig-iron, 
but  such  is  not  the  case.  I  have  very  carefully  examined  drillings 
from  the  other  end  of  the  pig  from  which  the  Thomas  tests  were  cut, 
using  a  method  which  gives  results  easily  within  0.001  per  cent.; 
and  while  a  slight  precipitate  of  phosphate  of  alumina  was,  indeed, 
produced,  it  indicated  less  than  0.0001  per  cent,  of  aluminum,  which 
is  less  than  the  error  of  manipulation. 

I  have  also  examined  the  Wassaic  pig-iron  for  aluminum  with 
the  same  result,  that  less  than  0.001  per  cent,  of  aluminum  was 
found.  The  specimen  which  gave  the  tensile  strength  of  41,882 
pounds  per  square  inch  was  used  for  the  examination. 

As  to  the  cause  of  the  unusual  strength  ofthe.se  irons,  the  data  in 
regard  to  the  Wassaic  iron  are  too  meager  to  yield  any  satisfactory 
explanation  alone;  while,  with  all  the  data  possible  in  regard  to  tiie 
Muirkirk  iron,  and  with  much  consideration  of  the  subject,  extend- 
ing over  several  years,  about  all  I  can  say  in  explanation  is  a  series 
of  negatives.  The  secret  is  not  in  the  composition  of  the  ores  ;  for 
in   other  furnaces  the  Baltimore  ores  have  not  vielded  such  strong 

*  E.  and  3L  Journal^  vol.  xlvi.,  p.  125,  and  Iron  Age,  vol.  xlii.,  p.  399. 
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iron,  and  the  Wassaic  ore  is  totally  different  in  composition.  It  is 
not  in  the  percentage  of  phosphorus,  silicon  and  sul{)luir  in  the  iron  ; 
for  the  Stickney  No.  4  iron  is  practically  the  same  in  this  respect 
as  the  IMuirklrlc,  while  the  Wassaic  is  totally  different. 

The  manganese  varies  greatly  in  the  analyses  of  the  INInlrkirk 
pig,  the  highest  in  the  strong  irons  (1.441  per  cent.)  being  i)ractl- 
cally  the  same  as  the  Wassaic  (1.512  per  cent.),  while  in  the  Thomas 
test  (0.94  percent.)  it  is  practically  the  same  as  in  the  Stickney  No. 
4  (0.834  per  cent.).  Again,  in  the  first  Graff  analyses  of  the  jNIuir- 
kirk  strong  iron,  manganese  was  down  to  0.565  per  cent. 

The  total  carbon  is  also  somewhat  erratic.  While  the  Muirkirk- 
Thomas  test  (2.9.3  per  cent.)  and  the  Wassaic  (3.090  per  cent.)  are 
practically  the  same,  both  the  Graff  analyses  of  Muirkirk  are  quite 
different,  showing  2.705  and  3.730  per  cent. 

It  may  be  that  a  certain  balance  is  required  between  the  constitu- 
ents, without  which  the  strong  iron  cannot  be  produced;  but,  given 
that  balance,  some  other  determining  cause  is  evidently  required  to 
give  the  iron  the  extraordinary  strength  observed.  The  cause  of  the 
strength  Is  not  in  the  ordinary  conditions  of  running  the  furnace, 
since  they  are  the  same  for  several  furnaces  in  the  region,  which  have 
never  produced  strong  iron,  as  for  the  jSIuirkirk.  It  is  evident  that 
the  cause  is  physical  rather  than  chemical.  Probably  it  is  some 
unusual,  but  frequently  occurring,  condition  of  running  which  has 
not  yet  been  discovered.  The  lines  of  the  furnace  have  been  mate- 
rially changed  several  times  without  affecting  this  question. 

The  results  of  the  recent  grading  of  the  pig  at  the  furnace  show 
that  the  physical  characters  of  the  metal  are  sufficiently  pronounced 
to  enable  a  practiced  eye  to  discover  the  strong  irons. 

The  fracture  of  the  strong  iron  is  surprisingly  like  some  of  Mr. 
Keep's  tests  of  iron  containing  aluminum,  the  increased  strength  of 
which  he  ascribes  to  the  carbon  being  forced  into  the  graphitic  state 
in  minute  scales,  just  as  the  iron  solidifies.  There  may  be  the  same 
separation  of  graphite  in  this  case,  which  would  explain  the  simi- 
larity of  the  fractures;  but,  aluminum  being  absent,  there  is  yet  no 
explanation  why  such  a  separation  should  occur. 

The  method  of  examining  pig-iron  for  aluminum  was  developed  in 
another  investigation,  which  is  not  yet  ready  for  publication;  but  I 
give  an  outline  of  it  here,  as  it  may  be  of  interest  on  account  of  the 
attention  given  to  the  subject  at  this  time. 

The  method  of  analysis  is  capable  of  giving  results  of  any  desired 
accuracy,  since  any  amount,  even  a  kilo,  of  material  may  be  used. 
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With  25  grammes  the  results  fall  within  O.OOT  [)er  cent,  of  aluminum. 
In  this  case  25  grammes  were  weighed  into  a  capacious  flask;  300 
c.c.  of  HoO  were  added,  and  to  this  90  c.c.  of  pure  concentrated  HCl 
were  added  in  three  or  four  portions.  The  flask  was  provided  with 
a  valved  stopper. 

The  next  morning  the  solution  was  gently  heated  for  one  and  one- 
half  to  two  hours.  The  solution  was  then  rapidly  filtered  into  a 
second  large  flask,  the  residue  boiled  a  short  time  with  5  c.c.  of 
strong  HCl,  and  the  filtration  was  completed.  All  this  work  was 
done  as  rapidly  as  possible,  and  occasionally  a  lump  of  HNaCOg  was 
dropped  into  the  receiving-flask,  in  order  to  prevent  as  far  as  possi- 
ble the  oxidation  of  the  iron. 

The  solution  was  cooled,  and  a  regular  basic  acetate  precipitation 
was  made.  Owing  to  the  small  amount  of  sesquioxide  of  iron,  and 
to  the  SiOg  present,  it  was  not  easy  to  hit  the  neutral  point,  neither  was 
it  necessary  to  do  so  exactly.  If  the  Fe  contains  any  considerable 
P  (0.10  per  cent.),  this  precipitate  is  a  dirty  green  phosphate. 

In  order  to  catch  any  Al  that  did  not  come  down  in  the  first  pre- 
cipitation the  filtrate  was  again  brought  to  a  boil,  whereby,  if  the 
solution  was  not  too  acid,  a  slight  precipitate  was  formed  from  the 
Fe  that  had  oxidized  during  the  filtering.  If  the  solution  was  too 
acid  a  few  drops  of  dilute  ammonia  were  added. 

The  two  precipitates  were  united,  dissolved  in  HCl,  and  SiOjWas 
separated. 

With  pig  containing  less  than  1  per  cent,  of  Si,  these  precipitates 
may  be  dissolved  by  putting  them  moist  with  the  filter-paper  into 
acid,  but  with  more  than  1  percent.  Si,  the  filtering  from  the  filter- 
paper  may  become  very  tedious,  owing  to  the  SiO^  dissolved.  In 
this  case  it  is  better  to  dry  the  precipitates  thoroughly,  remove  them 
from  the  paper,  burn  the  latter  at  a  low  temperature,  and  add  the 
ashes  to  the  precipitates. 

A  second  basic  acetate  precipitation,  using  ammonia  and  acetate 
of  ammonia,  was  then  made.  If  the  work  has  been  done  carefully 
and  expeditiously  we  have  now  all  the  Al  from  the  25  grammes  of 
pig  concentrated  into  less  than  0.2  gramme  of  material. 

The  further  treatment  of  this  precipitate  will  depend  upon  cir- 
cumstances. If  much  Al  or  little  P2O5  is  present  it  may  be  weighed, 
the  Fe  titrated,  and  the  PoO^  removed  by  raolybdate  solution  and 
determined,  giving  the  Al  by  difference. 

In  this  case,  as  in  the  case  of  most  pig-iron,  there  will  be  so  much 
P2O5  present  that  this  precipitate  will  be  very  fusible,  and  unsuitable 
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for  \voisz;liing.  It  is  tliereforo,  treated  with  pure  NaOII  (from  metal), 
which  separates  all  the  Al  and  all  or  nearly  all  the  P.Or,  from  the 
Fe.  The  solution  is  filtered,  neutralized  with  acid,  and  the  Al  is 
precipitated  by  (NH)^OH  as  phosphate,  which  is  ignited  and  weighed. 
Since  the  comjiosition  of  this  ph()S|)hnte  is  not  constant,  the  weighed 
precipitate  must  be  dissolved  in  ITNO-j,  and  the  P2O5  separated  and 
determined,  giving  the  Al  by  difference. 

All  the  work  after  the  first  basic  acetate  precipitation  was  done  in 
platinum. 

When  large  amounts  of  material  are  taken,  it  may  be  necessary 
to  reduce  the  Fe  before  the  second  basic  acetate  precipitation. 

Both  of  the  pig-irons  discussed  in  this  paper  are  well  represented 
in  the  collections  of  the  National  Museum  :  the  Muirkirk,  by  a  full 
series  of  the  ores,  fuel  and  flux,  the  product,  including  the  pig  and 
manv  of  the  test-pieces,  and  the  slag;  the  Wassaic,  by  several 
samples  of  the  ore  and  the  product,  including  the  pig  and  nearly  all 
the  test-pieces. 

In  conclusion,  I  wish  to  express  my  hearty  thanks  to  Mr.  Coffin 
for  many  courtesies  in  enabling  me  to  make  a  thorough  study  of  his 
furnace,  and  the  strong  iron  produced. 


NOTE  UPON  S031E  EESULTS  OF  THE  STOEAGE  OF 
WATEB  IN  ABIZONA. 

BY  "WILLIAM  P.   BLAKE,   NEW  HAVEN,   CONN. 

(New  York  Meeting,  February,  1889.) 

As  the  storage  of  water  for  agricultural  and  mining  purposes  in 
the  arid  regions  of  the  West  is  now  receiving  much  attention  by  the 
people  and  their  representatives,  some  facts  concerning  the  greatest 
pioneer  enterprise  for  the  purpose  should  appear  on  our  records.  I 
refer  to  the  dam  and  reservoir  at  Walnut  Grove,  in  Yavapai  county, 
Arizona  Territory,  which  was  finished  in  the  winter  of  1887,  and  is 
known  as  the  Walnut  Grove  Dam. 

It  is  not  ray  intention  at.  this  time  to  give  a  full  description  of 
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this  work,  but  some  general  statements  and  approximate  measure- 
ments will  serve  to  give  an  idea  of  its  extent. 

The  Hassayanipah  river,  so  famous  in  the  annals  of  the  Territory 
for  its  fitful  moods  of  alternate  floods  and  dryness,  where  at  times 
an  ocean  steamer  might  be  floated,  and  where  at  other  seasons  it  is 
said  that  the  fish  must  carry  canteens,  was  the  stream  selected  for 
this  enterprise.  When  in  flood  it  is  one  of  the  longest  of  the 
streams  of  Arizona.  Rising  in  the  granitic  mountains  near  Pres- 
cott,  it  flows  southward  to  the  Gila,  at  Gila  Bend,  cutting  through 
the  ranges  which  separate  the  higher  plains  and  large  valleys 
from  the  Piedmont  country  sloping  to  Phoenix,  Wickenburg,  and 
the  Gila  Valley.  The  descent  is  rapid,  and  the  floods  from  the 
summer  and  the  winter  rains  rapidly  run  down  the  valley  and  are 
lost. 

At  the  lower  end  of  the  somewhat  open  valley  of  Walnut  Grove 
the  stream  enters  a  canon  of  gneissose  and  granitic  rocks,  and  this 
was  the  point  chosen  for  the  dam. 

This  dam  is  constructed  of  granitic  rock,  rough-laid  without 
mortar,  and  is  planked  on  the  back-  or  water-side  with  two  thick- 
nesses of  yellow  pine  plank,  3x8  inches,  spiked  upon  vertical 
cypress  and  pine  timbers.  The  outer  layer  of  plank  breaks  joints 
with  the  inner  layer,  and  the  whole  is  caulked  and  painted  with 
paraffine  paint.  The  dam  is  420  feet  long  on  the  top,  138  feet  thick 
at  the  bottom,  about  15  feet  thick  at  the  top,  and  1 10  feet  high  in  the 
center.     It  contains  between  45,000  and  50,000  cubic  feet  of  rock. 

Before  the  construction  was  undertaken,  several  serious  questions 
arose,  which  could  be  answered  only  by  reason  and  faith,  and  not 
by  experience,  at  least  not  by  experience  in  our  country  in  a 
region  of  like  conditions. 

One  great  question  was,  whether  there  would  be  sufficient  water 
to  fill  the  reservoir;  another,  whether  the  stoppage  of  the  flow 
would  cause  the  stream  to  dry  up  below  the  dam,  and  thus,  by- 
diminishing  the  flow,  impair  the  water-rights,  as,  for  examj)le,  the 
supply  to  the  Vulture  80-stamp  mill,  taken  out  below  the  village 
of  Wickenburg.  The  importance  of  the  answers  given  by  experi- 
ence to  these  questions  must  be  my  excuse  for  bringing  this  subject 
before  you. 

The  reservoir  was  filled  by  the  first  floods,  and  the  water  rose 
rapidly  to  and  beyond  the  SO-foot  contour-line,  spreading  over  the 
farms  up  to  the  stakes  set  by  the  surveyors,  floating  fences  and  light 
wood,  and  approaching  the  doors  of  one  of  the  oldest  settlers,  who 
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had  defied  the  Apaches  years  before,  but  now  ran  pleading  for  the 
gates  to  be  opened  to  save  his  adobe.  Where  before  there  was  a 
broad  sandy  valley  requiring  irrigation,  there  is  now  a  lake  more 
than  a  mile  in  length,  its  waters  stocked  with  carp,  and  the  resort 
of  wild  fowl. 

As  to  the  effect  upon  the  stream  below,  there  has  been  an  agree- 
able surprise.  Either  from  a  partial  opening  of  one  of  the  gates  or 
a  leak,  there  has  been  a  constant  flow  of  water  from  the  dam ;  and 
this  has  kept  a  constant  stream  throngh  the  valley,  giving  more 
water  than  usual  along  its  course,  so  that  instead  of  the  owners  of 
water-privileges  denouncing  the  dam  and  asking  for  injunctions, 
thoy  are  hoping  that  the  dam  will  always  leak  to  their  advantage. 

These  results  are  of  great  value  as  a  demonstration  of  what  the 
function  of  such  dams  and  reservoirs  may  be  throughout  the  arid 
regions  of  the  West.  Even  if  not  perfectly  tight,  they  would  be  of 
immense  value  in  catching  the  temporary  floods,  and  in  equalizing 
the  flow  of  such  intermittent  streams  as  the  Hassayampah  and  many 
others  which  might  be  named. 

And  I  would  impress  upon  the  minds  of  the  engineers  and  the 
residents  of  our  arid  regions,  that  there  should  be  many  such  dams 
upon  the  same  stream  and  upon  the  smaller  streams  and  rivulets 
which  at  certain  seasons  have  a  considerable  flow.  Work  should 
begin  toward  the  sources  of  the  streams,  and  small  reservoirs  should 
be  multiplied  in  the  mountains  until  the  great  bulk  of  the  rainfall 
and  the  snow-water  is  held  back  and  stored  at  the  higher  levels. 

As  an  illustration  of  the  importance  of  more  than  one  large  reser- 
voir on  the  same  stream,  -an  experience  below  the  Walnut  Grove 
dam  last  summer  may  be  cited.  A  heavy  rain  storm  and  shower — 
a  "cloud  burst" — swept  over  the  mountains  below  the  dam  and 
suddenly  flooded  the  canon  to  such  an  extent  that  ditches  and  water- 
wheels  were  swept  away. 

This  subject  is  a  most  important  and  interesting  one,  and  falls 
within  the  domain  of  the  labors  of  mining  engineers.  Most  of  the 
storage- reservoirs  hitherto  made  have  been  for  mining  purposes,  and 
now  water  is  required  for  the  reclamation  of  vast  areas  of  the  public 
domain,  at  present  unfit  for  settlement,  but  often  requiring  only 
water  and  cultivation  to  make  gardens  in  the  wilderness. 
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THE  COPPER-DEPOSITS  OF  COPPER  BASm,  ARIZONA, 
AND  THEIR  ORIGIN. 

BY  AVILLIAM   P.    BLAKE,   NEW  HAVEN,    CONN. 

(New  York  Meeting,  February,  1889.) 

Copper  Basin  in  Yavapai  county,  Arizona  Territory,  about 
twenty  miles  southwest  of  Prescott,  is  well  named.  It  is  a  de- 
pressed area,  and  a  region  of  cupriferous  impregnation.*  The  geo- 
logic conditions  are  simple.  The  foundation  rock  is  a  coarse-grained 
granite  and  gneiss,  in  which  soda  feldspar  predominates.  There  are 
also  dykes  of  porphyritic  rock,  and  a  large  quartz  vein  containing 
pyrites. 

Superimposed  on  this  crystalline  foundation,  we  find  heavy  beds 
of  mechanically  formed  rocks,  conglomerates,  breccias,  and  sand- 
stones, in  horizontal  layers  cropping  along  the  bed  of  a  creek,  and 
apparently  the  remnants  of  a  much  more  extended  formation,  now 
denuded  and  largely  carried  away  by  gradual  atmospheric  erosion. 

The  heavy  beds  of  conglomerate  are  in  many  places  much  broken 
and  tilted  up,  even  standing  on  edge  in  large  blocks,  as  if  they  had 
been  lifted  by  some  great  convulsion  ;  but  the  cause  is  much  more 
simple,  being  merely  the  removal  by  gradual  disintegration  and 
erosion  of  the  softened  and  decayed  granitic  rock  below. 

The  materials  of  these  sedimentary  beds  are  chiefly  fragments  of 
granite,  gneiss,  and  plutonic  rocks  loosely  mingled.  They  are  the 
chief  repositories  of  the  copper-ore,  which  forms  the  cementing  sub- 
stance. This  copper-ore  is  the  blue  and  the  green  carbonate,  azurite 
and  malachite,  and  the  ore  is  so  generally  spread  through  the  mass 
of  the  beds  that  the  blue  and  the  green  croppings  can  be  seen  at  a 
great  distance,  particularly  after  or  during  a  shower  of  rain,  when 
the  colors  are  extremely  brilliant  and  beautiful. 

The  copper  carbonate  is  not  only  a  matrix  and  a  cementing  mate- 
rial for  the  fragments  of  rock,  but  it  invests  and  covers  these  frag- 
ments so  that  only  malachite  and  azurite  are  visible.  The  beds  are 
from  three  to  ten  feet  or  more  in  thickness,  and,  although  seemingly 
solid  carbonate  of  copper,  rarely  contain  over  12  or  15  per  cent, 
of  that  metal.  Some  portions  of  the  conglomerates  are  much 
more  highly  charged  with  copper  than  others,  and  in  places  the 
beds  are  almost  without  copper.     If  a  lump  of  the  coarse  sandstone 

*  The  principal  deposits  cover  an  area  of  about  forty  acres. 
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charged  with  the  eoppcr-ore  is  digested  in  rt(;id,  the  carbonate  of 
copper  is  rapidly  dissolved  out,  and  the  mass  falls  asunder  in  loose 
grains  of  sand. 

In  the  bed  of  the  little  dry  "wash"  there  are  many  boulders, 
from  a  few  inches  in  diameter  to  one  or  two  feet,  which  are  com- 
pletely covered  with  a  crust  of  azurite.  If  there  are  cracks  and 
cavities  in  the  boulders,  the  copper  carbonate  will  be  found  inside  or 
below  the  surface,  but  it  is  mostly  upon  the  surface  as  a  thin  cov- 
ering. 

These  copper-depositions  are  clearly  the  result  of  the  gradual  per- 
colation of  copper  solutions  passing  through  the  porous  sand-rock ; 
and  the  copper  carbonate  is  a  deposit  of  incrustation,  not  of  replace- 
ment, for,  so  far  as  the  sandstones  and  the  conglomerates  have  in- 
fluenced the  deposition,  the  action  appears  to  have  been  mechanical 
rather  than  chemical.  The  surface,  rather  than  the  chemical  com- 
position of  the  strata,  appears  to  have  determined  the  deposition. 
Nor  does  it  appear  that  the  copper  carbonate  has  replaced  any  cal- 
careous or  siliceous  cement.  The  absence  of  a  cementing  material 
seems  to  have  favored  the  infiltration  and  distribution  of  the  cuprif- 
erous solution,  which  may  have  been  gradually  concentrated  by 
evaporation  on  the  surface  of  the  coarse  grains  of  rock.  Assuming, 
what  is  very  probable,  that  the  copper  was  carried  in  as  a  dilute 
sulphate,  it  would  be  thrown  down  as  carbonate  on  meeting  carbo- 
nated w'aters,  or  meeting  water  or  moisture  in  the  rocks  more  or  less 
charged  with  carbonate  of  soda.  Sulphate  of  soda  would  be  formed 
and  flow  away,  to  be  perhaps  concentrated  by  evaporation  at  some 
distant  point,  and  form  beds  of  Thenardite,  a  mineral  which  is 
abundant  in  Arizona, 

These  deposits  of  copper  carbonate,  covering,  as  has  been  observed, 
about  forty  acres,  contain  in  the  aggregate  a  very  large  amount  of 
copper.  The  question  of  the  source  of  such  extensive  depositions 
of  copper  at  once  arises. 

The  granite  below  the  cupriferous  beds,  and  througiiout  the 
copper  area,  is  very  much  decomposed  and  softened,  so  that  it  may 
be  cut  with  a  pick  or  even  a  shovel.  Considerable  areas  of  granite 
surface  are  exposed,  and  are  not  covered  by  sandstone.  There  are 
numerous  veinlets  and  thin  seams  of  red  oxide  of  copper,  accom- 
])anied  with  malachite,  and  malachite  also  occurs  disseminated  in 
small  nodular  or  concretionary  masses,  not  much  larger  than  kernels 
of  corn,  in  the  soft  ferruginous  clay  resulting  from  the  decay  of  the 
granite.     These  little  button-like  discs  of  malachite  are  so  abundant 
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that  they  could  be  washed  out  with  profit  if  water  could  be  carried 
U}30n  the  ground. 

There  are  also  considerable  quantities  of  red  oxide  of  copper  in 
thin  sheets  with  malachite  on  each  side.  These  are  chiefly  broktn 
out  from  numerous  small  veinlets  traversing,  the  granite.  The  red 
oxide  is  in  the  middle  and  the  malachite  on  each  side  next  to  the 


Ideal  Section  of  Copper  Basin,  Arizona,  Grouping  the  Geologic  Conditions  without  Re- 
gard to  Distances  or  Scale. 

a,a,  granite;  b,b,  dykes;  c,  quartz;  d,d,  sandstones,  carrying  copper. 

granite  walls,  the  structure  being  as  shown  in  Fig.  2,  which  repre- 
sents the  characteristic  form  of  the  small  infiltrated  sheets  of  ore 
seldom  more  than  an  inch  in  thickness,  and  commonly  not  over 
half  an  inch  thick.  The  central  portion  is  sometimes  sulphide, 
not  oxide.  In  some  places  fragments  of  such  veinlets  are  very 
numerous,  having  been  weathered  out  by  the  washing  away  of 
the  softened  granite,  but  no  extensive  or  heavy  deposits  have  been 
fouud  to  justify  sinking  or  mining  upon.  Several  drifts  and  tunnels 
have,  however,  been  run  into  the  face  of  the  granite  hill  following 
some  of  the  veinlets  of  copper-ore,  but  the  results  have  not  been 
satisfactory. 

Some  of  the  small  veins  consist  partially  of  Cjuartz,  this  being  the 
veinstone,  impregnated  with  malachite.  These  appear  to  have  origi- 
nated since  the  softening  of  the  granite,  and  are  probably  the  result 
of  its  partial  decomposition. 

In  one  of  the  princi])al  tunnels  which  has  passed  through  the  de- 
cayed portion  of  the  granite  and  penetrated  the  unchanged  interior 
portions,  sulphurets  of  iron  and  of  coi)j)er  are  found  in  small  bunches 
and  seams  irregularly  distributed.  The  quantity  is  not  large,  not 
enough  to  justify  mining,  yet  in  the  aggregate  the  amount  of  cuprif- 
erous sulphide  is  probably  sufficient  to  be  the  source  of  the  oxidized 
superficial  ores.     Further  evidence  of  the  very  general  impregna- 

VOL.  XVII. — 31 
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tion  of  the  i2;ranit('  with  coi^pcr  siil|)lii(le  was  found  in  the  shaft  sunk 
near  the  bed  of  the  crcoU  to  obtain  water.  YeUow  oopper-ore  is 
found  there  in  small  but  solid  masses  in  the  midst  of  the  hard  gray 
unehanged  granite. 

I  do  not  attcm))t  an. explanation  of  the  source  or  origin  of  the 
chaleopyrite  in  the  granite.  Any  satisfactory  explanation  would 
liave  a  wide  application.  There  is  no  evident  relation  of  the  sul- 
})hideo  to  the  porphyry  dykes,  nor,  so  far  as  observed,  is  there  any 
pyrites  in  these  j)]utonic  rocks.  This  is,  however,  a  matter  for  in- 
vestigation.* 

All  the  observed  |)hononu'na  point  to  the  disseminated  yellow 
copper-ore  as  the  source  of  the  su{)erficial  coj)[)er  deposits,  and  as 


Section  of  Veinlets  in  Granite. 
a,a,  soft  granite  ;  6,6,  malachite  ;  c,  red  oxide. 

the  principal  factor  in  the  alteration  of  the  granite.  It  would  a])i)ear 
that  the  soluble  sidi)hates  of  iron  and  copper,  formed  by  the  oxida- 
tion of  the  copper  pyrites,  and  carried  by  endosmotic  percolation 
through  the  substance  of  the  rock,  have  acted  upon  the  feldsjjars, 
promoting  their  decomposition  with  the  separation  of  silica  ami  the 
alkalies;  the  deposition  of  copper  as  oxide  and  carbonate;  and  the 
formation  of  alums,  and  probably  also  of  sulphate  of  soda,  which, 
flowing  away,  may  have  concentrated  beyond.  The  formation 
of  tlie  extensive  deposits  of  coi>per  carbonates  may  also  have  been 
brought  about  by  carbonated  surface-waters,  or  waters  more  or  less 
impregnated,  as  is  not  uncommon  in  those  dry  regions,  with  carbo- 
nate of  soda.  That  soluble  silica  is  one  of  the  products  we  know, 
from  the  fact  that  in  a  little  trickling  stream  of  water  flowing  from 
a  spring  in  the  decayed  granite  there  was  an  abundant  separation 

*  As  an  example  of  copper  in  eruptive  rocks,  Daubrfee  cites  the  melaphyre  of 
Norheim  near  Crentznach,  which,  according  to  M.  Laspeyres,  contains  0.00118  of 
its  weigiit  of  copper. — Les  Eaux  Sonterraines,  ii.,  p.  134. 
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of  gelatinous  silica,  colored  green  by  copper.  In  this  abundance  of 
silica  separated  from  the  granite,  we  find  an  explanation  of  the  origin 
of  many  of  the  little  veins  of  quartz  carrying  cojjper-ore,  and  another 
fact  in  evidence  of  the  origin  of  quartz  veins  generally. 

Thus  the  granite  becomes  softened  in  place  and  "rotted"  as 
deeply  as  surface-waters  and  air  can  penetrate;  the  sulphides  disap- 
pear; silica  and  the  alkalies  are  removed,  and  a  ferruginous  clay- 
like mass  is  left  with  disseminated  accretions  of  copper  carbonate 
and  the  formation  of  quartz  veins. 

An  extended  chemical  investigation  is  necessary  to  determine  all 
the  conditions  which  exist,  before  the  exact  order  of  interchange  of 
elements  can  be  stated  with  confidence.  These  Copper  Basin  de- 
posits of  copper-ore  in  sandstone  and  conglomerate  are  very  different 
from  those  found  in  the  Triassic  shales  of  New  Jersey,  and  of  Ger- 
many, and  other  countries  where  the  ore  is  disseminated  in  grains  or 
patches,  and  in  nodular  masses  more  or  less  isolated  one  from  the 
other,  and  in  the  mass  of  the  rock.  In  the  Copper  Basin  deposits,  the 
ore  is  spread  continuously  through  the  mass,  and  invests  the  grains 
of  rock,  forming  a  coating.  The  ore  does  not  in  any  case  appear 
to  have  been  deposited  by  reason  of  the  presence  of  any  organic  re- 
mains, as,  for  example,  the  stems  of  plants  such  as  are  found  in  the 
sandstones  of  northern  Texas,  or  in  Russia.  Murchison  has  de- 
scribed cupriferous  grits,  sandstones,  and  shale,  developed  at  the 
Zavods  of  Yugofski  and  Matovilika,  where  the  ores  of  copjier, 
chiefly  the  green  carbonate,  are  disseminated,  and  are  in  the  form  of 
cupriferous  concretions,  generally  around  the  carbonized  stems  of 
plants.*  Not  only  Murchison,  but  Maynard,  has  described  the 
deposition  of  copper  on  organic  remains  in  the  copper  sandstone  of 
the  Urals. t  These  Arizona  beds  diifer  from  the  cupriferous  Per- 
mian strata,  not  only  in  the  form  of  the  copper  deposition,  but  in 
their  much  more  modern  and  local  nature. 

The  copper-deposits  of  northern  Texas  are  familiar  examples  of 
the  deposition  of  copper-ore  on  the  remains  of  plants. 

Wendt  has  mentioned  the  copper  of  Copper  Basin  as  carbonate- 
ore  which  "must  be  of  secondary  origin,"!  but  otherwise  it  has  not 
been  noticed  in  our  Transactions. 

He  considers  the  red  oxide  of  the  Santa  Rita  copper  mines  of 
New  Mexico  as  derived  from  the  native  copper  by  alteration.! 

*  Russia  in  Europe  and  the  Urals,  p.  144. 

t  Trans.,  ix.  S3.  J  Trans.,  xv.  74. 

§  "The  Copper-ores  of  the  Southwest,"  Trans.,  xv.  27. 
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The  o.\])l:ui:i(ion  of  tlie  origin  of  the  Copper  Basin  ores  herein  given 
will  J»p|)ly  particularly  to  the  oonglomorate  deposits  of  the  Gila  and 
Ijowcr  San  Pe(lro,  and  also  to  any  ore-de|)()sits  accompanied  by  ex- 
tensive kaolinization  of  the  crystalline  rocUs. 

This  Coj)i>er  Basin  ore  is  not  a  "smelting  ore."  The  bulk  of  its 
substance  is  not  sufficiently  fusible.  Its  origin  by  infiltration  sug- 
gests the  nature  of  the  process  by  which  the  coi>per  should  be  taken 
out.  It  is  an  ore  especially  well  adai)ted  to  leaching.  The  absence 
of  soluble  minerals  other  than  the  copper  carbonate  is  a  great  advan- 
tage, while  the  open  granular  condition  of  the  rock  permits  the  ready 
action  of  a  solvent  and  of  subsequent  lixiviation. 

The  conditions  at  once  suggested  the  following  process,  which  is 
given  in  outline  merely  : 

1.  The  solution  of  the  copper  carbonate  by  dilute  sulphuric  acid. 

2.  The  extraction  of  the  copper  by  electrolysis. 

Tiie  conditions  favoring  this  method  are  numerous,  but  the  greatest 
is  the  abundance  in  the  region  of  auriferous  pyrites,  the  "rebellious 
sulphurets,"  for  which  the  gold  miners  are  seeking  the  cheapest  and 
best  method  of  working.  The  distance  over  which  these  sulphurets 
must  now  be  transported  entails  a  heavy  expenditure.  The  estab- 
lishment of  sulphuric  acid  works  at  Co]>per  Basin  would  make  a 
home  market  for  the  sulphurets,  and  while  the  sulphur  is  utilized 
for  making  acid  the  oxidized  residues  holding  the  gold  could  be 
chlorinated.  Thus  the  sulphide  ores  on  the  one  hand,  and  the  clean 
carbonates  of  copper  on  the  other,  although  difficult  to  utilize 
separately,  would  by  combination  give  us  the  precious  metals,  and 
the  copper  in  a  marketable  form  at  a  comparatively  low  cost,  and 
the  ])roblem  of  working  both  is  solved. 

The  spent  residue  of  iron-oxide  might  also  be  utilized  (provided 
there  was  rail  transportation)  at  lead  smelting  works. 

There  are  several  economies  by  such  a  process  which  will  suggest 
themselves.     No  great  sujiply  of  water  is  required. 

The  acid  need  not  be  concentrated:  "chamber  acid"  would  be 
strong  enough. 

It  is  possible,  also,  that  no  great  quantity  of  acid  would  be  needed, 
for  when  the  bath  is  once  formed,  it  is  probable  that  the  copper-ore 
itself  may  be  made  the  anode,  and  yield  its  copper  to  the  solution 
direct. 

Pine  wood  for  fuel  is  abundant  on  the  adjoining  mountains,  and 
dynamos  can  be  run  very  cheaply. 

Our  fellow-member.  Prof.  G.  W.  ]\Iaynard,  some  years  ago,  put 
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up  a  plant  in  Siberia  for  the  treatment  of  copper  carbonate  con- 
glomerate ore  by  lixiviation  Avith  sulphuric  acid,  and  has  promised 
to  contribute  to  the  Transactions  of  the  Institute  an  account  of  the 
plan  and  its  results  in  practice. 


S03fE  THOUGHTS  E  ELATING    TO    THE  AMEBIC  AN  INSTI- 
TUTE OF  MINING  ENGINEEBS  AND  ITS  MISSION. 

BY  TVILLIAM  B.   POTTER,  E.M.,  ST.  LOUIS,  MO. 

(Presidential  Address  at  the  New  York  Meeting,  February,  1889.) 

It  is  a  time-honored  custom  in  this,  as  in  other  kindred  bodies, 
for  the  retiring  President  on  giving  place  to  his  successor,  after  a 
year  of  official  duties  which  have  been  the  means  of  directing  his 
attention  in  a  more  than  usual  degree  to  the  work  and  interests  of 
the  Association,  to  report  the  results  of  his  observations  from  this 
outlook,  and  the  thoughts  that  may  be  suggested  by  the  view. 

In  looking  out  over  the  many  fields  of  activity  within  the  range 
of  this  Institute,  the  attention  may  be  arrested  by  special  features 
marking  recent  progress  and  development,  or  such  as  by  their 
meager  outline  or  lack  of  important  detail  stand  in  less  pleasing 
contrast,  or  even  form  unsightly  objects  in  the  view.  It  may  be  that 
the  special  field  and  particular  work  in  which  one  is  engaged  will, 
when  observed  from  the  more  distant  standpoint,  or  in  the  light  of 
the  whole  outlook  of  the  profession,  assume  a  different  aspect  or 
develop  features  of  new  interest  and  importance.  In  this  way  some 
special  object  may  suggest  to  the  observer  a  fitting  theme  for  the 
occasion. 

.To  others,  again,  an  outline  of  the  whole  view  may  seem  a  more 
useful  subject  for  study  and  review.  All  fields  are  examined  and 
the  wide  horizon  of  the  whole  profession  scanned  to  note  and  re- 
port whijtever  is  new  in  knowledge  and  practice — the  new  jierma- 
nent  bench-marks  that  appear  near  the  horizon  desiguating  ground 
definitely  located  ;  the  stakes  which  mark  reconnoissance  into  new 
territory,  and  even  the  prominent  objects  that  faintly  appear  through 
the  mist  of  the  distant  atmosi)here,  and  which  may  serve  later  on 
as  points  of  attachment  for  tlie  advancing  lines  of  survey  into  the 
unknown.  And  besides  these,  there  is  the  progress  of  the  work  in 
older  and  nearer  fields — what  has  been  attempted,  what  accomplished, 
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as  well  as  llie  means  by  wliieli  suceess  has  l)cen  achieved  or  failure 
brought  about. 

J  Wit  the  outlook  has  beeome  so  extensive  and  the  work  so  special- 
ized and  developed  in  detail,  that,  even  if  it  were  within  my  power 
to  present  t)n  this  occasion  a  complete  view  of  the  whole  field  in  any 
way  worthy  of  the  scene,  your  time  and  j)atience  would  be  ex- 
hausted;  while  any  rough  sketcii  outlining  the  tendency  or  progress 
of  development  must  necessarily  be  too  meager  of  detail  and  offer 
too  little  contrast  of  light  and  shade  to  form  a  satisfactory  repre- 
sentation of  the  wiiole  scene  for  any  purpose. 

The  task  which  I  have  undertaken,  although  an  unusual,  is  a 
more  modest  one.  It  is  to  present  briefly  a  few  thoughts  that  have 
suggested  themselves  during  the  year,  relating  to  our  own  Associa- 
tion— the  American  Institute  of  Mining  Engineers. 

The  Institute  is  now  fast  approaching  the  year  of  its  majority. 
!More  than  eighteen  years  ago  it  came  into  existence  in  the  town  of 
Wilkesbarre,  Pa.,  and  was  welcomed  as  a  long-desired  heir,  who 
should,  in  time,  gather  together  and  organize  the  scattered  and  neg- 
lected interests  of  the  great  estate  of  the  profession,  and  be  the 
means  of  adding  new  riches  of  knowledge  to  the  store  and  new  honor 
to  the  name,  as  well  as  of  benefiting  mankind.  The  achievements  of 
all  these  years  have  proved  that  the  expectations  were  not  in  vain. 
The  twenty-two  who  first  assembled  at  Wilkesbarre  to  organize  the 
Institute  are,  many  of  them,  still  with  us;  but  their  number  has 
increased,  until  now  there  are  eighteen  hundred  or  more.  All  parts 
of  this  continent  are  represented  in  the  membership,  as  are  the  chief 
countries  of  Europe  and  South  America  and  parts  of  Asia,  Africa, 
and  Australia;  and  the  list  embraces  the  names  of  many  who 
have  been  foremost  in  the  achievements  of  all  branches  of  the 
profession.  The  fifty-two  meetings  that  have  been  held  in  the  lead- 
in"-  industrial  and  commercial  centers  of  the  land  have  been  the 
means  of  extending  the  influence  and  rej)utation  of  our  calling  and 
])romoting  the  interests  of  true  science  and  sound  practice.  Not  far 
from  a  thousand  pa[)ers  have  been  contributed  upon  subject^  relating 
to  the  constitution  and  occurrence  of  Nature's  varied  stores,  as  well 
as  their  exploitation,  preparation  and  treatment  to  adapt  them  to 
the  use  and  for  the  benefit  of  mankind.  The  sixteen  volumes  of 
published  Irun.sactions  containing  this  liberal  contribution  form  a 
rich  and  u.seful  store,  and  furnish  abundant  j)roof  of  ability  and 
zeal  as  well  as  faithfulness  of  members  to  the  cause  the  Institute  up- 
holds. 
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The  uncertainties  of  infancy  and  childhood  have  thus  been  safely 
passed,  and  the  growth  and  strength  of  vigorous  youth  have  already 
been  acquired.  Even  the  earnestness  of  purpose  and  judgment 
which  betoken  a  ripening  manhood  are  not  wanting  in  this  case. 
But  with  a  growth  that  has  been  so  rapid  and  of  such  vast  extent, 
is  there  not  a  possible  danger  that  such  a  body  may  become  too 
clumsy  and  unwieldy;  that  for  lack  of  broader  training,  and  by  not 
exercising  all  its  powers,  it  may  fall  short  of  complete  development 
and  fail  to  reach  that  sphere  of  usefulness  such  an  organization 
should  occupy? 

While  looking  back  with  satisfaction  upon  the  eighteen  years 
that  have  passed,  and  congratulating  ourselves  upon  the  prosperity 
and  excellent  standing  the  Institute  now  enjoys,  it  may  be  well,  in 
view  of  the  dangers  that  come  with  continued  growth  and  the  respon- 
sibilities of  advancing  years,  to  consider  for  a  little  the  mission  and 
opportunities  of  such  a  body,  and  the  duties  which  these  impose. 

The  general  plan  upon  which  the  Institute  is  founded  and  its 
affairs  are  administered  has  proved  a  wise  and  efficient  one.  Avoid- 
ing exclusiveness  and  narrow  limitations  as  to  membership,  a  generous 
■welcome  to  associate  membership  is  here  accorded  to  all  persons  who 
may  fairly  be  considered  suitable  and  are  desirous  of  joining  the 
Institute.  A  large  and  useful  constituency  has  thus  been  developed, 
representing  all  classes  and  shades  of  interest  in  matters  with  which 
our  organization  has  to  do.  The  administration  of  its  affairs  being 
delegated  by  the  whole  body  to  the  selected  few  composing  the 
Council,  responsibilities  are  concentrated,  and  many  evils  which 
might  result  from  so  large  and  scattered  a  membership  are  easily 
overcome.  The  rashness  and  ignorance  of  individuals  can  here  do 
but  little  harm,  while  ability  and  merit  find  encouragement  and 
fields  in  which  to  win  rewards.  Each  member  will  find  his  level, 
whatever  his  proclivities  may  be. 

The  three  meetings  held  each  year  in  various  parts  of  the  country 
serve  in  a  large  measure  to  keep  up  the  interest  of  scattered  mem- 
bers, and  to  prevent  many  of  the  evils  due  to  too  great  a  localization 
of  the  strength  and  activity  of  the  Association.  The  liberal  supply 
of  papers  and  the  facilities  afforded  for  their  early  appearance  in  con- 
venient form  do  much,  also,  to  impress  even  the  most  distant  mem- 
ber with  the  value  of  his  relations  to  the  Institute. 

But,  in  spite  of  these  advantages,  there  is  evidently  a  danger  that 
with  so  large  a  membership  and  so  great  a  diversity  of  special  in- 
terests the  work  may  become  somewhat  scattered  and  diffuse;  that 
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the  nioro  serious  business  may  be  too  lightly  passed  over,  and  im- 
portant means  for  advancing  the  welfare  and  usefulngss  of  the  In- 
stitute be  too  easily  neglected  lor  an  undue  development  of  the 
popular  features.  Already  there  is  a  noticeable  tendency  at  the 
several  meetings  of  the  year  to  magnify  the  importance  of  excur- 
sion and  entertainment,  and  use  the  working  sessions  mainly  to  fill 
up  the  necessary  gaps  in  the  programme  of  picnics,  as  if  to  afford 
needed  rest  and  relaxation  to  the  exhausted  Local  Committee  as  well 
as  visiting  members.  There  can  be  no  question  as  to  the  value  of 
the  excursions,  or  even  the  entertainments,  if  kept  within  their 
proper  spheres ;  but  surely  these  should  form  subordinate  features, 
and  constitute  rather  the  pleasing  accompaniments  to  the  more 
serious  and  solid  business  of  the  meeting.  The  sessions  will  other- 
wise become  but  little  more  than  occasions  for  the  announcements  of 
local  committees  and  the  reading  of  j)ai)ers  by  title,  the  formal 
election  of  a  batch  of  new  members,  and  the  hurried  adoption  of  the 
usual  vote  of  thaid<s. 

Special  gifts  of  prophecy  are  not  needed  to  foretell  the  future  if 
we  thus  permit  the  Institute  to  drift  along.  It  will  become  an 
overgrown  and  weakened  body  with  all  its  old  spirit  and  earnest 
purpose  gone.  lustead  of  invigorating  its  members  by  healthy  ex- 
ercise of  all  its  powers,  and  creating  an  a(!tive  stirring  interest  in 
the  several  meetings  of  the  year,  there  will  be  but  one  bond  of 
union  to  hold  the  scattered  parts — the  occasional  volume,  containing 
papers  exi)loited  from  good-natured  and  unwary  members  by  a 
skilled  official,  who  will  have  learned  how  to  apply  all  the  expe- 
rience of  the  profession  in  prospecting  for  contributions  and  engi- 
neering them  into  print.  For  the  vigorous,  living  Institute,  which 
is  capable,  by  keen  but  friendly  criticism  in  open  discussion  and 
debate,  of  spurring  on  the  willing  member  to  investigation  and 
research,  and  encouraging  all  to  voluntary  contribution  of  useful 
experience  or  of  important  facts,  we  should  have  but  an  organized 
bureau  of  publication,  offering  as  a  bonus  a  week  of  cheap  excur- 
sions at  stated  intervals  through  the  year. 

No  one  will  question  the  value  of  the  published  Transactions,  or 
the  importance  of  keeping  them  up  to  the  standard  already  attained; 
and  the  right  to  criticise  and  discuss  any  ])aper  by  written  commu- 
nication is  fully  recognized.  But  we  all  know  that  it  is  the  interest 
given  by  personal  presence  and  the  zest  of  face-to-face  discussion 
and  debate,  if  properly  prepared,  that  best  draws  out  the  experience 
and  judgment  of  individuals,  and  leads  to  broader  views  and  fuller 
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knowledo'e  as  well  as  further  investisjation  anrl  more  careful  thous^ht. 
Bv  i)repar!ng  for  and  encouraging  full  discussions  at  the  meetings 
and  having  them  published,  under  proper  revision,  with  the  papers  to 
which  they  pertain,  a  greater  value  would  be  given  the  publications 
than  even  at  present  obtains.  Such  discussions  often  contain  an 
amount  of  pith  and  point  not  always  found  in  the  papers  which  ex- 
cite them,  and  their  omission  often  seriously  detracts  from  the  com- 
pleteness of  treatment  which  the  subjects  might  receive.  The 
meetings  would  surely  prove  more  attractive,  especially  to  those 
members  who,  by  their  work  and  interest,  can  contribute  so  largely 
to  the  extension  of  the  influence  and  usefulness  of  the  Institute;  and 
even  the  most  distant  members,  and  such  as  by  occupation  are  pre- 
vented from  being  present  at  these  meetings,  would  be  benefited 
thereby. 

It  is  hardly  to  be  expected,  perhaps,  in  an  organization  grown  to 
such  proportions  as  the  Institute  has  assumed  in  the  number  of 
members  and  variety  of  interests  represented,  that  a  very  efficient 
discharge  of  all  its  duties  could  be  accomplished  without  the  assis- 
tance of  the  systematic  methods  which  a  more  definite  organization 
would  supply.  In  the  scientific  associations  of  wide  and  general 
range,  the  several  interests  are  usnally  classified  into  groups  and 
sections  more  or  less  fully  organized  and  equipped  for  independent 
work  ;  and  it  has  already  been  suggested  that  it  might  be  well  for 
the  Institute  to  adopt  a  similar  course.  But  while  we  have  here  a 
sufficient  variety  of  interests  to  justify  such  a  development  of  work- 
ing-sections, there  are  some  objections  that  might  be  urged.  It 
would  require  important  amendments  to  the  present  rules  to  secure 
what  might  prove  by  the  experiment  a  failure;  and  it  would  seem  pos- 
sible to  obtain  all  the  valuable  features  of  such  a  system  by  a  simpler 
process  requiring  less  formal  action.  With  a  complete  organization 
of  ir  dependent  sections  there  might  be  very  unequal  development  of 
some  parts,  causing  more  or  less  jealousy  and  friction,  and  tending 
to  give  an  undue  bias  to  the  Institute  at  large.  It  is  probable  that 
the  strength  and  influence  of  the  organization  would  thus  be 
weakened,  and  result  possibly  in  the  separation  of  important  parts. 

All  the  advantages  of  a  system  of  organized  sections  might  be 
secured,  and  the  many  evils  avoided  or  controlled  by  the  use  of 
means  already  at  hand,  without  requiring  any  change  in  the  present 
rules  or  organization.  A  special  committee  of  three  or  five  might 
be  appointed  to  represent  each  group  of  related  interests  in  the  In- 
stitute, and  be  charged  with  the  duty  of  arranging  the  details  of  all 
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business  connected  with  their  respective  groups.  Such  business 
would  consist  mainly  of  arranging  in  advance  for  pajiers  to  he  read 
and  suhjoots  to  he  discussed  relating  to  their  groups  at  the  several 
meetings  of  the  year ;  promoting  so  far  as  may  he  the  attendance 
of  such  persons  as  would  have  a  special  interest  in  the  snhjocts, 
or  be  likely  to  add  to  the  interest  of  discussions;  looking  after  the 
details  of  excursions  and  visits  to  places  and  objects  connected 
with  their  grouj)s ;  providing  dcHnitc  information  concerning  plant 
and  process,  materials  and  products,  and  other  matters  of  interfst, 
as  well  as  seeijig  that  the  crowd  of  visitors  is  properly  organized 
into  jiarties  of  insj)ection,  with  intelligent  guides  to  give  the  needed 
explanations  and  information.  These  are  some  of  the  more  apparent 
duties  that  would  devolve  upon  such  committees;  but  many  others 
would  doubtless  be  developed  in  the  exercise  of  their  legitimate 
functions,  and  in  still  other  ways  contribute  to  the  interest  of 
meetings  and  the  general  welfare  of  the  Institute.  Efficient  aid 
could  by  such  means  be  extended  to  local  committees  in  the  prepara- 
tions for  meetings  and  the  successful  carrying  out  of  the  programme 
provided.  There  could  never  be  any  uncertainty  as  to  the  success 
of  a  meeting  or  embarrassment  of  riches  in  the  way  of  entertain- 
ment;  and  we  should  be  spared  the  not  unusual  spectacle  of  a  train- 
load  of  people  turned  loose  upon  some  establishment  to  wander 
about  aimlessly,  without  philosopher,  guide,  or  friend,  getting  little 
or  no  definite  information,  and  not  adding  in  any  way  to  the 
picturesqueness  of  the  scene.  Thus,  without  an  elaborate  organiza- 
tion, or  the  use  of  unusual  means,  all  the  real  advantages  of  the  fully- 
developed  section  could  be  realized;  and,  with  the  controlling  in- 
fluence of  the  Council  to  harmonize  all  the  parts,  there  need  be  no 
abnormal  development  or  bias,  and  nothing  to  disturb  existing  re- 
lations or  cause  embarrassment  of  any  kind.  The  action  required 
to  secure  this  desirable  result  is  of  so  simple  and  informal  a  nature 
that  it  could  be  applied  at  any  time,  and  the  scheme  could  as  readily 
be  given  up  whenever  it  proved  unsatisfactory.  There  is  nothing 
in  our  present  rules  to  interfere;  and,  indeed,  such  a  measure  would 
seem  rather  a  moans  for  more  effectively  accomplishing  the  objects 
specified  in  the  first  article  as  those  for  which  the  Institute  was 
founded. 

In  the  classification  of  interests  under  such  a  plan,  there  should 
be  little  difficulty  experienced,  if  it  is  made  sufficiently  general  at 
first,  and  capable  of  embracing  all  subjects  with  which  the  Institute 
has  to  do.     As  a  suggestion  for  such  a  grouping  at  the  start,  the  fol- 
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lowing  might  serve:  I.  Iron  and  Steel ;  II.  The  Precious  and  Base 
Metals;  III.  Geology  and  Mining;  IV.  Chemistry.  Such  a  classi- 
fication is  simple  and  natural,  and  may  be  made  to  include  ail  sub- 
jects within  the  range  of  the  Institute.  Iron  and  steel  would,  of 
course,  form  a  very  important  group  of  related  interests.  The 
precious  and  base  metals  are  so  closely  associated  in  the  cliaracter 
and  metallurgical  treatment  of  their  ores,  as  to  make  it  difficult  to 
classify  them  in  separate  groups,  and  the  whole  would  include  a  series 
of  interests  sufficiently  well  represented  in  the  Institute  to  form  a 
strong  and  valuable  group.  Subjects  connected  witb  geology  and 
mining  would  naturally  be  classified  together,  since  the  occurrence 
of  ores  and  mineral  deposits  and  the  character  of  tlie  formations  with 
which  these  have  to  do  have  an  important  bearing  upon  the  problems 
connected  with  mining.  With  such  an  important  range  of  subjects, 
and  so  strong  a  following  in  the  Institute,  this  group  should  develop 
marked  activity  and  interest.  While  chemistry  plays  an  important 
part  in  all  the  other  groups,  it  has  so  many  special  features  and  a 
province  so  peculiarly  its  own  as  to  call  for  a  separate  group.  It 
would  constitute,  also,  a  very  important  and  useful  group;  since 
there  is  a  large  number  of  specialists  in  this  line  within  the  Insti- 
tute, and  the  need  for  growth  and  development  in  the  field  of  activity 
in  which  they  labor  is  very  pressing. 

Numerically  considered,  the  interest  in  these  groups  throughout 
the  membership  would  not  be  unfairly  divided;  and  in  geographi- 
cal distribution,  symmetry  would  not  be  lacking.  The  interest  in 
iron  and  steel  occurs  mainly  from  the  Mississippi  valley  eastward ; 
while  that  in  the  precious  and  base  metals  starts  in  the  same  interior 
region  and  sweeps,  for  the  most  part,  to  the  westward.  In  the  other 
groups,  all  parts  of  the  country  have  a  nearly  equal  interest,  with 
a  slight  preponderance  in  favor  of  chemistry  in  the  east,  and  geology 
and  mining  in  the  west. 

But,  it  may  be  asked,  will  the  Institute,  in  doing  this  work,  even 
in  a  complete  and  efficient  manner,  be  doing  its  whole  duty  to  the 
profession  and  the  cause  in  which  we  are  engaged?  With  an  asso- 
ciation of  eighteen  hundred  members  or  more,  scattered  over  the 
whole  country,  and  engaged  in  all  branches  of  the  engineering  pro- 
fession, and  in  the  multitude  of  occupations  connected  with  the  min- 
ing and  treatment  of  minerals,  and  the  utilizarion  of  the  wonderful 
variety  of  products  obtained  from  these — with  such  a  band  of  active 
workers  in  field  and  mill,  in  laboratory  and  office,  can  it  be  said  that 
all  the  opportunities  afforded  in  the  Institute  for  advancing*  the  in- 
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terests  of  our  calling;  are  taken  advantage  of  by  meeting  thrice  a 
year  for  the  reading  and  discussion  of  j)aj>ers,  and  publishing  tlie 
results?  The  fn-st  article  of  our  rules  specifies  that  **the  objects  of 
the  American  Institute  of  Mining  Engineers  are  to  promote  the  arts 
and  sciences  connected  with  the  economical  production  of  the  useful 
minerals  and  metals,  and  the  welfare  of  those  employed  in  these  in- 
dustries, by  means  of  meetings  for  social  intercourse,  and  tiie  read- 
ing and  discussion  of  professional  papers,  and  to  circulate,  by  means 
of  publications,  among  its  members  and  associates  the  information 
thus  obtained."  From  a  literal  interpretation  of  this  it  would  seem 
at  first  that  all  the  means  provided  for  meeting  the  objects  specified 
were  already  emj)loyed,  and  yet  it  cannot  be  argued  that  the  manner 
in  which  this  work  is  to  be  done  is  restricted  or  prescribed.  And, 
further,  the  view  to  be  taken  of  the  mission  of  this  Institute,  after 
eighteen  years  of  w^onderful  growth  and  prosperity,  and  progress  in 
the  arts  and  sciences  with  which  we  have  to  do,  is  surely  much  more 
extended  than  when  the  twenty-two  pioneers  met  at  Wilkesbarre 
and  specified  the  objects  of  the  organization  they  were  about  to 
found. 

The  manner  in  which  the  Institute  has  been  doing  its  w^ork  all 
these  years  has  contributed  in  a  remarkable  degree  to  the  promotion 
of  "the  arts  and  sciences  connected  with  the  useful  minerals  and 
metals,  and  the  welfare  of  those  employed  in  these  industries."  A 
vast  amount  of  knowledge  has  been  accumulated  and  placed  in  such 
a  form  as  to  constitute  a  rich  and  convenient  store-house  of  reference 
concerning  the  great  variety  of  subjects  connected  with  our  calling. 
And  far  more,  even,  than  this  has  been  contributed  and  remains  un- 
recorded in  our  annals,  except  in  some  of  the  fiiwl  results — a  de- 
velopment of  practical  experience  in  details  of  skill  and  keen 
technical  instinct,  all  which  should  prove  a  lever  of  vast  power  if 
rightly  directed,  for  the  working  out  of  the  problems  now  before  us 
and  such  as  the  progress  of  the  future  may  bring. 

But  with  all  this  variety  of  knowledge,  and  with  the  skill  and  ex- 
perience that  have  come  with  it,  is  it  not  the  duty  of  such  an  asso- 
ciation as  this,  and,  indeed,  of  the  three  great  engineering  associations 
of  the  country — the  Civil  and  Mechanical  Engineers  as  well  as  our 
own  Institute — to  do  something  towards  reducing  this  knowledge 
and  experience  to  a  more  systematic  and  definite  basis;  to  determine 
liow  far  the  existing  but  scattered  knowledge  of  law  and  fact  will 
suffice;  to  provide  for  securing  by  test,  experiment  and  research, 
important  data  that  may  be  lacking,  and  bring  to  bear  all  the  wisdom 
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and  judgment  that  may  be  required  to  reach   conclusions  that  are 
definite,  and  at  the  same  time  wise  and  just? 

I  am  not  unaware  of"  what  has  ah-eady  been  done  in  this  direction, 
or  of  the  good  that  has  resulted.  But  when  we  consider  the  vast 
amount  that  remains  to  be  done,  and  the  importance  of  doing  it,  how 
insignificant  seems  the  little  tliat  has  been  accomplished.  The  In- 
stitute, too,  with  all  its  opportunit"  ?<=,  'las  contributed  but  a  small 
part  of  this.  Some  committees  have  been  appointed  for  the  con- 
sideration of  such  work;  but  they  have  mainly  died  reporting  pro- 
gress, or  after  returning  little  more  than  a  preliminary  report. 
Some  individuals  have  contributed  valuable  work  in  this  direction; 
and  this  is  well  so  far  as  it  goes.  But  what  we  need  now  are  the 
persistent  and  best  efforts  of  the  Institute  and  of  the  other  engineering 
associations,  separately  or  conjointly,  to  prepare  for  and,  so  far  as  may 
be,  secure  the  adoption  of  uniform  standards.  Surely,  there  is  no 
engineer  in  any  branch  of  the  profession  who  has  gone  outside  the 
limits  of  his  own  closet,  but  appreciates  the  evils  of  the  existing 
state  of  things.  There  is  hardly  time  on  this  occasion,  nor  should  it 
be  necessary,  to  discuss  at  length  any  of  the  many  cases  calling  for 
treatment  in  this  connection;  but  it  may  be  well  to  refer  briefly  to 
a  few  of  the  more  prominent  by  way  of  illustration. 

The  testing  of  engineering  materials  is  a  subject  which  only  needs 
to  be  mentioned  to  prove  the  necessity  of  reforms.  The  results  of 
tests  of  the  various  materials  used  in  construction  are  to  be  found  in 
great  numbers;  yet  in  the  majority  of  instances  they  are  not  only 
in  a  large  degree  unreliable,  but  often  misleading.  In  some  cases, 
not  even  the  shape,  size,  or  proportions  of  the  test-pieces  used  are 
given  ;  more  often,  important  details  relating  to  the  manner  of 
ap[)lying  the  test  are  missing;  while  in  the  vast  majority  of  cases  no 
thought  whatever  seems  to  have  been  given  to  the  mechanical  treat- 
ment  to  which  the  test-piece  has  been  previously  subjected ;  and  yet 
the  results  often  depend  as  much  upon  this  as  upon  any  other  feature 
in  the  case. 

Standard  specifications  for  various  classes  of  material  under  special 
applications  is  surely  a  subject  of  sufficient  importance  to  merit  the 
attention  of  this  and  the  other  engineering  societies.  One  need  only 
point  to  the  many  wild  and  useless  specifications  for  cast-iron  in 
which  tensile  and  compression-tests  are  minutely  provided  for,  antl 
all  important  tests  for  resilience  are  wholly  ignored.  The  paper  read 
at  the  last  meeting  of  the  Institute  on  ''Steel  Rails  and  Specifica- 
tions for  their  Manufacture"  is  an  evidence  of  the  value  of  such 


45)4  TIIK    MISSION    OF    THE    INSTITUTE. 

work  and  its  utility  for  all  coiu'onu'd.  Considering  the  manifold 
conditions  of  practice  and  application,  such  specifications  cannot 
always  he  drawn  in  complete  detail,  but  they  would  serve  as  good 
types  and  useful  guides  and  raise  the  standard  of  excellence 
throughout. 

The  subject  of  boiler-trials  and  the  steaming-test  of  fuels  furnishes 
another  important  field.  Of  the  many  trials  reported,  bnt  few  will 
stand  the  test  of  critical  examination.  Some  of  the  necessary  data 
are  likely  to  be  missing;  and  usually  it  is  the  all-important  analysis, 
showing  the  quality  and  condition  of  the  coal  used  and  of  the 
ashes  and  chimney-gases. 

The  want  of  a  uniform  standard  of  gauges  and  a  system  of  sizes 
for  maciiine-shop  and  factory  gives  rise  to  an  amount  of  annoyance 
and  useless  waste  that  should  impel  us  to  better  things. 

What  excellent  results  might  be  obtained  from  a  careful  study 
and  comparison  of  the  various  methods  of  sampling  and  chemical 
analysis,  and  the  adoption,  so  far  as  may  be,  of  standard  methods 
for  each.  Greater  accuracy  and  usefulness  would  be  secured.  Per- 
sonal equation,  which  is  now  so  unmanageable  in  these  matters, 
would  be  reduced  to  narrower  and  far  more  definite  limits.  Is  it 
not  time,  too,  to  develop  a  reliable,  practical  system  of  proximate 
chemical  analysis  of  the  metals  in  their  many  forms?  The  ultimate 
analysis  of  organic  substances  is  of  little  value  in  the  determination 
of  their  properties  and  applications.  Some  form  of  proximate 
analysis  is  relied  upon  to  give  us  a  knowledge  of  these.  We  have 
daily  proof  of  the  relation  of  the  properties  of  metals  to  the  proxi- 
mate combinations  in  which  the  ultimate  elements  are  arranged  ; 
and  yet  we  have  practically  nothing  but  the  results  of  itZ/ma^e  analy- 
sis to  depend  upon.  Already  the  limits  of  usefulness  have  been 
reached  in  the  use  of  ultimate  analysis  for  determining  the  proper- 
ties of  metals  and  inorganic  substances. 

With  these  and  many  other  lines  of  inquiry  pressing  hard  upon 
us,  the  Institute  should  be  awake  and  active,  contributing  its  share, 
not  only  of  labor,  experience,  and  skill,  but,  whenever  needed,  its 
funds  as  well.  With  an  accumulated  fund  of  about  $15,000  and 
an  animal  surplus  of  $4000  or  more,  and  with  the  ability  and  ex- 
perience in  its  membership,  this  organization  is  surely  well  equipped 
for  the  more  aggressive  work  that  is  needed.  By  the  appointment 
of  sjjceial  connnissions,  and  the  judicious  appropriation  of  funds 
for  investigation  and  research,  there  should  be  no  lack  of  important 
results. 
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BY   OBERLIN    SMITH,    BRIDGETON,    N.    J. 

(New  York  Meeting,  February,  1889.) 

It  may  surprise  the  learned  metallurgists  who  read  this  paper  to 
learn  that,  by  a  recent  discovery,  nails  of  good  quality  can  be  made 
at  one  operation,  directly  from  the  ore,  at  the  rate  of,  say,  sixty  per 
minute  for  each  operator.  It  should  be  stated,  however,  that  the 
raw  material  referred  to  does  not  answer  strictly  the  ordinary  as- 
sayer's  definition  of  an  ore.  It  is  found,  in  strata  of  various  thick- 
ness, in  Harlem,  N.  Y.,  and  other  localities  where  the  debris  from 
restaurants  and  from  sheet-metal  factories  of  various  kinds  has  l)een 
dumped.  In  other  words,  it  is  old  and  new  tin-scrap — one  of  the 
few  substances  which  this  generation,  mainly  occupied  in  exhaust- 
ing the  accumulated  resources  of  the  past,  seems  to  have  laid  up,  by 
way  of  atonement,  for  the  benefit  of  posterity.  In  speaking  of  this 
material  as  o/-e,  we  are  simply  looking  forward,  prophetically,  to  the 
time  when  our  descendants  may  dig  it  up  and  write  learned  papers 
for  the  American  Institute  of  Mining  Engineers  upon  the  best 
methods  of  assaying  and  smelting  it. 

At  least  such  has  seemed  to  be  its  destiny  hitherto.  It  may 
fairly  be  said  that  the  many  attempts  which  have  been  made  to 
utilize  it  by  separating,  through  chemical  or  electrolytical  processes, 
its  two  valuable  constituents,  metallic  tin  and  first-class  wrought- 
iron,  have  failed,  either  technically  or  commercially.  The  reasons 
for  such  failure  need  not  here  be  discussed.  Either  the  separation 
has  been  incomplete,  the  iron  still  retaining  enough  tin  to  spoil  it 
for  the  sinking-fire,  or  other  use  short  of  re-melting  (perhaps  even 
for  that),  or  the  manij)ulations  of  the  process  have  been  too  expen- 
sive to  make  its  results  profitable — or  both.  Meanwhile  the  great 
tin-scrap  deposits  have  gone  on  growing  faster  than  any  other  strata 
of  our  Post-Tertiary,  Psychical  Era;  given  up  by  metallurgists,  not 
yet  attacked  by  geologists,  and  exi)lored  only  by  that  mining  en- 
gineer of  the  transitional  period,  Gulielmus  Caper. 

Before  leaving  these  heaps  of  tin-scrap,  however,  to  become  mere 
mineral  deposits  for  future  ages,  it  may  be  well  to  consider  a  novel 
plan  for  their  immediate  utilization — novel,  not  only  in  its  means, 
but  in  its  principle.  For  it  undertakes  to  use  this  material  just  as 
it  is,  without  trying  to  separate  its  constituents  at  all,  and  to  use  it, 
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moreover,  for  a  ]>iir[)ose  in  wliicli  the  qualities  of  both  those  constit- 
uents, namely,  the  tensile  strength  and  diietility  of  the  iron  and  the 
resistance  of  the  tin  to  corrosion,  are  directly  eini)loyed  with  advan- 
tage.    I  refer  to  the  mannfacture,  by  mechanical  i)ressure,  of  nails. 

This  nail  was  invented,  in  its  original  shape,  by  Mr.  Geo.  11.  Per- 
kins, of  Philadeli)hia,  and  has  been  developed,  throng!)  various 
forms,  until  it  has  almost  reached  a  commercial  stage — the  machine 
in  -which  it  is  to  be  made,  in  marketable  shape,  being  nearly  com- 
pleted. The  writer  has  been  associated  with  Mr.  Perkins  in  its  de- 
velopment, and  can,  perhaps,  make  interesting  a  brief  description 
of  the  troubles  we  have  gone  through  in  order  to  produce  it  quickly, 
at  one  operation,  in  a  reasonably  manageable  and  durable  machine. 

The  first  scheme  tried  was  to  cnt  "blanks"  from  ordinary  tin- 
plate  and  sheet-iron  scrap,  of  an  approximately  rectangular  form, 

' \/\/\/\/^ 
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Nails  from  Tin-Scrap.     Sections  showing  different  Ways  of  Compressing  Blank. 

about  three-quarter  inch  wide  by  one  and  three-quarter  inches  long, 
similar  to  the  plan  siiown  in  actual  size.  Fig.  2,  but  having  the  end- 
section  A,  Fig.  1  (drawn  about  twice  its  real  size).  This  was  done 
in  an  ordinary  press.  By  a  second  operation,  it  was  corrugated  into 
the  form  B,  Fig.  1,  in  another  press,  with  a  special  automatic  die, 
which  corrugated  the  middle  grooves  first  and  the  side  grooves  after- 
wards; much  of  the  metal  used  not  proving  strong  enough  to  stand 
the  friction  of  being  pulled  into  the  corrugations  of  the  die  without 
cracking.  At  a  third  oj)eration,  the  embryo  nail  was  crushed  to- 
gether into  the  form  C,  Fig.  1  (but  more  tightly  clo.sed),  something 
after  the  manner  of  closing  an  accordion  bellows.  These  headless 
nails  were  then  fed  by  hand  into  a  revolving  dial,  to  carry  them 
under  a  hc;iding  mechanism,  after  the  ()j)eration  of  which  they  were 
ejected  from  the  machine  automatically. 

Obviously,  this  series  of  separate  operations  made  the  nails  far  too 
ex])ensive  for  the  market;  and,  moreover,  some  trouble  occurred 
from  thcii-  sj)li(ting  in  the  tightly  folded  corrugations.  We  after- 
wards built  an  automatic  machine  which  performed  all  the  above 
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operations  in  succession,  delivering  a  complete  nail  at  each  stroke. 
It  M'as,  however,  far  too  complicated  for  practical  use,  and  simply 
served  to  show  what  could  not  be  done. 

Our  second  nail-machine  proper,  constructed  to  receive  blanks, 
which  had  been  already  cut  in  an  ordinary  press,  worked  fairly 
well.  It  was  likewise  an  experimental  machine,  built  "piece-meal" 
and  not  strong  enough  for  continual  hard  work  ;  but  it  served  this 
time  to  show  what  could  be  done.  Instead  of  working  upon  the 
principle  of  regular  corrugations,  it  simply  crushed  up  the  blanks  edge- 
wise into  any  form  which  they  chose  to  assume — the  end  sections 
appearing  somewhat  as  shown  at  D,  Fig.  1.  The  blank  and  finished 
nail  are  shown  in  Fig.  2.     Sometimes  the  blank  is  made  tapering. 

The  machine  now  under  construction  has  been  very  much  simpli- 
fied and  made  enormously  strong  and  heavy.     It  is  adapted  to  cut- 


BUnk  SccClon  a  b  Nail 

Nails  from  Tin-Scrap.     Blank  and  Finished  Nail.     Full  Size. 

ting,  crushing,  griping  and  heading  the  nails  at  one  operation,  and 
can  be  run  as  fast  as  an  expert  operator  can  feed  the  material.  Its 
feed  probably  varies,  with  jagged,  irregular  scrap,  from  thirty  to 
ninety  nails  per  minute,  although  straight  strips  of  sheet-metal  can 
ea.sily  be  fed  by  hand  into  a  machine  running  as  high  as  240  strokes 
per  minute. 

During  the  course  of  our  experiments,  various  forms  of  nails  have 
been  tried.  Among  others  were  straight  cylindrical  nails  with  coni- 
cal points;  straight,  square  nails  with  pyramidal  and  with  wedge- 
shaped  points;  hexagonal  nails,  etc.  The  most  practical  form,  how- 
ever, seems  to  be  the  square  taper  nail  shown  in  Fig.  2,  which  has 
about  the  same  shape  as  the  ordinary  cut  nail,  but  is  somewhat 
stronger  and  a  good  deal  tougher.  It  is  well-adapted  for  all  ordin- 
ary purposes,  but  is  especially  suitable  for  a  roofing  nail,  since  the 
tin  coating  prevents  much  rusting,  and  is  good  to  solder  to. 
VOL.  XVII. — 32 


498  GOLD-MILLING   IN   THE   BLACK    HILLS. 

Among  other  processes,  we  have  wound  the  nail  blank  upon  itself, 
after  the  manner  of  a  window  shade,  but  minus  a  mandrel.  This 
makes  a  very  neat  nail. 

The  economy  of  this  system  of  nail-making  is  obvious.  The 
scrap  can  he  bought  for  about  seventeen  cents  per  100  lbs.,  and  a  boy 
can  make  from  80  to  100  lbs.  of  nails  per  day.  The  most  economi- 
cal system  of  manufacture  will  probably  be  to  run  one  or  more  nail- 
machines  at  each  large  "tin-shop,"  set  as  close  as  possible  to  the 
presses  which  produce  the  scrap,  so  as  to  avoid  the  expense  of 
unnecessary  handling,  and  the  extra  tangling-up  incident  thereto. 


GOLD-MILLING  IN  THE  BLACK  HILLS* 

BY  H.   O.    HOFMAN,   RAPID  CITY,   DAKOTA. 

(New  York  Meeting,  February,  1889.) 

With  the  exception  of  the  exhaustive  paper  on  the  Father  de 
Smet  mill,  by  its  designer,  Mr.  A;  J.  Bowie,  Jr.  {Trans.,  x.  87), 
nothing,  so  far  as  the  writer  is  aware,  has  as  yet  appeared  on  the 
stamp-mills  of  the  Black  Hills  of  Dakota,  although  they  have  been 
steady  producers  for  the  last  ten  years.  Within  the  small  area  of 
about  6000  by  1600  feet,  $2,271,341.14  Avas  produced  in  1887t 
from  rock  averaging  $4  per  ton  in  free  gold. 

I.  The  Ores. 

Character  of  the  Ores. — The  gold  of  the  district  is  found  in  quartz 
and  pyrites  finely  distributed  through  vast  bodies  of  mica-  and 
araphibole-schists,  argillites  and  ])hyllites,  and  also  impregnating 
the  schists  themselves.  The  "  Belt,"  embracing  the  section  of  Lead 
City,  Terraville  and  Central  City,  is  the  only  part  worked  at  present. 

The  principal  associated  mineral  is  iron  jiyrites,  with  some  arseno- 
pyrite  and  chalcopyrite,  garnet  and  asbestos. 

The  ores  from  open  cuts  and  upper  levels  are  more  free-milling 
than  those  from   underground  workings  below  water-line.     Hence 

*  Thesul)stance  of  this  paper,  with  some  additional  matter,  will  be  piil)lislied, 
by  permission  of  the  Council,  as  a  part  of  the  Annual  Report  of  the  Dakota  School 
of  Mines,  with  which  Prof.  Ilofman  is  connected. 

t  See  Report  of  the  Director  of  tlie  Mint  for  1887. 
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the  mills  running  on  oxidized  ore  have  tailings  as  low  as  SO. 25  per 
ton,  while  tailings  from  unaltered  ore  run  sometimes  up  to  $2.25  per 
ton.  By  watching  the  pulp  when  it  flows  down  the  plates  it  can  be 
readily  determined  whether  the  ore  comes  from  higher  or  lower 
levels.  In  the  former  case  it  will  generally  have  a  brownish  red 
color,  in  the  latter  a  bluish  gray.  The  amount  of  free  gold  in  the 
ores  varies,  therefore,  with  the  depth  at  which  they  are  mined.  It  is 
difficult  to  give  a  correct  average  figure  of  its  value,  but  $4  per  ton 
will  be  near  it. 

The  total  value  of  the  ore  is  not  definitely  known,  as  its  weight 
is  not  actually  determined,  but  only  estimated,  and  regular  dry 
assays  are  not  made  at  all. 

To  determine  the  amount  of  free  gold  in  the  ore,  the  following 
method  is  in  practice:  Samples  are  taken  daily  from  the  different 
workings  in  the  mine  and  sent  to  the  "  sampler,"  who  crushes  them, 
pans  them  and  estimates  the  gold  in  the  pan.  Every  valuation  thus 
made  is  booked,  and  at  the  end  of  the  month  the  average  is  taken 
and  compared  with  the  output  of  the  mill,  and  the  amount  of  gold 
recovered  thus  approximately  determined.  The  mode  of  operation 
practiced  by  the  "sampler"  is  simple:  The  sample,  weighing,  say, 
ten  pounds,  is  emptied  into  a  4-gall()n  bell-shaped  mortar  (13t  by 
12^  inches)  and  crushed  to  nut-size  with  a  heavy  pestle,  swung  from 
a  spring-pole.  From  it  two  pounds  are  then  transferred  into  a  .second 
mortar  of  the  same  size,  with  a  wooden  lid,  and  there  pulverized  wet 
to  a  fine  pulp,  by  means  of  a  small  steam-stamp,  which  is  in  reality 
an  old  power-drill,  fitted  up  for  this  purpose.  When  sufficiently  fine 
(as  judged  by  the  ring  of  the  pounding  stamp),  the  pulp  is  panned  until 
all  pyrites  and  other  heavy  sands  are  washed  off  with  the  tailings, 
and  only  the  free  gold  remains.  The  "sampler"  of  the  Homestake 
company  pans  from  fifty  to  fifty-five  samples  per  day.  Great  skill 
is  acquired  in  thus  estimating  the  value  of  the  ore,  the  sampler  being 
able  to  make  from  eight  to  ten  valuations  an  hour. 

As  these  are  the  only  determinations  made,  it  can  be  readily  seen 
that  the  amount  of  the  non-free-milling  gold  which  enters  the  mill 
is  not  known.  The  percentage  of  sulphurets  has  been  determined 
in  several  instances,  and  varies  from  2J  and  3  per  cent.,  to  6  and 
even  10  per  cent.  The  assay-value  of  pure  concentrates,  freed  from 
rusty  gold  or  gold  that  is  still  enclosed  in  quartz  (the  ore  being  not 
sufficiently'  crushed),  has  lately  been  shown  to  vary  from  84  to 
$90  per  ton,  the  average  for  the  district  being  about  §25  per  ton. 

Soiiing  of  the  Ore. — As  the  gold  is  finely  disseminated  throughout 
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the  entire  vein-matter,  comparatively  little  sorting  in  the  mine  can 
be  expected.  There  occur,  however,  in  many  parts  of  the  veins, 
igneous  intrusions,  locally  called  "porphyry,"  which  form  "barren 
horses."  When  the  Nevada  system  of  timbering  in  square  sets  was 
exclusively  in  use,  no  distinction  was  made  between  mill-rock  and 
waste,  but  it  was  considered  (hat  the  cheapest  way  to  get  rid  of  the 
latter  was  to  run  it  through  the  mill.  Lately,  however,  it  has 
become  the  custom  to  fill  the  chambers  formed  by  this  timbering 
with  waste  rock  and  to  hoist  any  excess  of  it  to  the  dump,  thus 
sending  less  waste  through  the  mill ;  but  large  quantfties  are  still 
got  rid  cf  in  the  old  way,  by  running  through  the  mill. 


II.  Enumeration  of  Mills. 

AVhen  in  1876  the  auriferous  gravels  and  lodes  were  discovered, 
there  was  a  "  rush"  to  the  Black  Hills,  and  in  a  very  short  time  a 
large  number  of  mills  sprang  up.  Of  these  the  seven  named  in  the 
following  table  are  still  running  with  640  stamps. 

Table  I. — List  of  Stamp-MiHs. 


Name  of  Mill. 

Year  of 

Erection. 

Location. 

Name  of  Company. 

No.  of  Stamps. 

Homestake,     . 

Golden  Star,    . 
Highland,    .    . 
Dead  wood,  .    . 
Golden  Terra, 
Father  deSmet, 
Caledonia,  .    . 

1878 
1879 
1880 
1879 
1880 
1878 
1879 

Lead  City, 

U                l( 

(1          11 

Terraville, 

Central  City, 
Terraville, 

Homestake  Mining  Company, 

Highland          "              " 

Dead  wood-Terra  Mi  n'g  " 

a                X              ,i        It 

Father  de  Smet       "       " 
Caledonia                 "      " 

80 
120 
120 

80 

80 
100 

60* 

The  25-stamp  custom  mill,  the  "  Cassel  "  mill,  which  was  built 
at  Central  City,  about  the  same  time  as  these,  is  running  principally 
on  cement  gravel  and  will  not  be  discus.sed  here. 

Although  the  mills  given  in  the  foregoing  table  are  owned  by  five 
separate  companies,  they  are  all,  except  the  last,  under  the  manage- 
ment of  the  Homestake  superintendent.  Thus  it  follows  that  the 
working  details  of  the  six  mills  are  all,  as  far  as  })racticable,  after 
one  model — the  Homestake.  The  Caledonia  mill  stands  alone,  and 
works  on  a  very  different  rock.  Therefore  the  details  of  its  plant 
differ  considerably  from  those  of  the  others. 

*  To  the  Caledonia  mill  twenty  additional  stamps  are  being  added.  These  will 
be  running  by  the  time  this  paper  appears  in  print,  making  an  aggregate,  outside 
of  the  Cassel  mill,  of  660  stamps. 
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In  the  following  pages  the  general  arrangement  of  each  mill  will 
be  given  separately;  bnt  the  details  will  be  summarized  under  two 
heads,  Homestake  and  Caledonia. 

III.  Outline  of  Plant  and  Process. 

The  crushing  is  done  by  means  of  rock  breakers  and  stamps.  The 
breakers  reduce  the  coarse  ore  to  a  size  suitable  for  the  stamps.  The 
ore,  arriving  at  the  highest  level  of  the  mill  (the  ore-floor)  in  mine- 
cars,  is  discharged  from  the  side  or  the  bottom  of  the  car  (dump- 
ing and  bottom-discharge  cars  being  both  in  use)  over  grizzlies  to  the 
crusher-floor;  or  it  goes  directly  to  the  crusher-hopper.  The  small 
ore- particles,  passing  through  the  grates  of  the  sizing-screen,  and  the 
coarse  ore  (which  has  been  reduced  in  size  by  the  crushers),  both  drop 
into  the  same  ore-bin,  which  reaches  down  to  the  cam-floor.  Here  a 
number  of  chutes  deliver  it  to  the  automatic  feeders,  each  of  which  dis- 
charges its  contents  continuously  into  the  mortar  to  which  it  belongs. 
Here  the  ore  is  pulverized  by  stamps  (five  in  each  mortar)  lifted  at 
regular  intervals  bv  corresponding  cams,  which  are  keyed  to  a  cam- 
shaft, placed  in  front  of  the  battery  on  the  cam-floor.  AVater  is  fed 
continuously  into  the  mortars  and  forms,  with  the  ore,  a  liquid  pulp, 
which  passes  through  a  screen  at  the  front  on  to  and  over  the  apron- 
plates  on  the  lower  floor  of  the  building.  The  Caledonia  mill  has 
blankets  on  the  lower  end  of  these  plates  to  catch  any  coarse  heavy 
particles;  in  the  other  mills  the  pulp  passes  directly  from  the  apron- 
plates  to  the  mercury-traps  and  through  them  on  to  sluice-plates. 
From  the  traps,  placed  at  the  end  of  these,  the  pulp  runs  into  one 
main  sluice  which  may  again  have  one  or  more  traps  before  the  pulp 
is  finally  allowed  to  run  to  waste. 

Thus  the  entire  process  of  passing  the  auriferous  coarse  rock  from 
the  ore-floor  to  the  final  discharge,  at  the  end  of  the  main  sluice,  is 
an  automatic  one. 

Battery-amalgamation  is  used  to  extract  the  gold.  It  begins  in 
the  mortar,  where  mercury  is  added  at  intervals  (while  the  contin- 
uous fine  crushing  with  the  stamps  is  taking  place)  and  ends  on  the 
apron-plates,  where  nearly  all  the  amalgam  not  retained  by  the 
inside  amalgamated  copper  plates  is  collected  daily,  any  deficiency 
in  the  collecting  mercury  and  amalgam  on  the  plates  being  supple- 
mented by  the  various  traps. 

As  the  mills  on  the  "Belt"  have  to  treat  low-grade  ores,  it  is 
necessary  to  their  profitable  operation  that  large  amounts  should  be 
put  through  as  rapidly  as  may  be,  and  that,  at  the  same  time,  as 


502  GOLD-MILLING    IN    THE    RLACK    HILLS. 

imioli  f^olcl  as  possible  should  he  saved  by  simple  means.  To  effect 
this,  a  compromise  is  made  between  the  two  extreme  methods  of  gold- 
milliiio;.  One  of  these  aims  at  extracting  as  much  gold  as  possible 
'  in  the  battery  at  the  expense  of  capacity ;  the  other,  by  amalgam- 
ating outside  of  the  battery,  increases  the  crushing  capacity,  but  re- 
quires a  number  of  expensive  operations  to  recover  the  gold.  In  the 
Black  Hills,  amalgamation  is  carried  on  both  inside  and  outside  the 
battery,  thus  combining  the  simple  way  of  recovering  the  gold  from 
the  first  method  with  the  large  capacity  of  the  second.  The  aim  is  to 
crush  rapidly  to  the  desired  fineness  and  arrange  the  amalgamation 
so  that  it  shall  be  adapted  to  the  large  amount  of  pulp  produced. 

IV.  General  Features  of  the  Mills. 
Table  II.  (p.  503)  gives  a  comparative  view  of  the  dimensions, 
power,  batteries,  and  product  of  the  mills.     The  following  is  an 
explanation  of  the  letters  employed  in  this  table: 

A,  ?Iorizont:il  155  H.P.  engine,  with  Meyers  cut-off.  B,  300  H.P.  Harris-Corliss 
engine.  C,  350  H.P.  Corliss  engine,  Fra.ser  and  Chalmers  pattern.  D,  two  60  H.P. 
horizontal  engines,  with  automatic  cut-off';  one  driving  forty  stamps,  tlie  other  now 
driving  twenty,  but  soon  to  drive  twenty  more  now  erecting. 

a.  Length  and  width  are  always  of  mill  proper,  excluding  engine-room. 

6.  The  boilers  in  this  table  are  all  horizontal,  tubular,  54  in.  diameter,  16  ft. 
long,  with  46  tubes  of  3i  in.  diameter.     Steam  pressure  is  kept  at  90  lbs.  per  sq.  in. 

c.  Made  up  as  follows:  Wrought-iron  stem  (length  14  ft.,  diameter  3^  in.),  340 
lbs. ;  cast-iron  head  (height  18  in.,  diameter  at  top  9  in.,  at  bottom  8  in.),  240  lbs. ; 
cast-iron  shoe  (cylindrical  but  8  in.  high  and  8\  in.  diameter,  tapering  shank  4J  in. 
diameter  at  base,  3i  in.  at  top,  5  in.  high — the  shoe  being  made  of  white  iron, 
chilled  for  6^  in.  from  base,  tlie  next  H  in.  and  the  shank  being  cast  in  sand  and 
cooled  slowly),  140  lbs. ;  cast-iron  gib-tappet  (diameter  at  ends  9J  in.,  in  middle 
cylindrical  part  6  in.,  wearing  faces  2.}  in.  thick,  middle  part  7  in.  long,  total  length 
12  in.),  130  lbs.  Total,  850  lbs.,  stem,  head,  shoe,  and  tappet  being  proportioned  as 
34:24:14:  13. 

d.  Batteries  in  two  rows,  back  to  back,  leaving  this  space  between  the  rows  for 
ore-bins  and  feeders. 

e.  From  Junel,  1887  to  May  30,  1888,  inclusive. 

/.  Estimated  from  report  of  Homestake  Co.,  June,  1888,  where  product  of  200 
stamps  in  Homestake  and  Golden  Star  mills  (under  same  management  and  similar 
conditions)  is  given  as  243,355  tons  for  the  year  ending  May  30,  or  1,216.775  per 
stamp. 

g.  See  Report  of  the  Director  of  the  Mint  for  1887. 

h.  Will  be  increased  to  20  in.,  as  18  in.,  which  was  large  enough  for  60  stamps,  is 
not  enough  for  80. 

i.  Formerly  12,  the  mill  having  been  originally  built  for  60  .stamps. 

k.  Batteries  in  sinijle  line. 

I.  Batteries  in  two  lows,  but  face  to  face,  with  this  space  between  them. 

m.  Intentionally  slower  crushing  on  harder  rock  than  the  other  mills. 

n.  For  year  ending  April  30,  1888. 

0.  Excluding  some  concentrates  from  preceding  year. 
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Table   II. — Dimensions,  Power,  Battenes,  and  Product. 
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Distribution  of  Poioer. — The  methods  employed  in  transmitting 
power  from  the  engine  to  the  different  parts  of  the  mill  may  be 
classed  under  three  types,  represented  respectively  by  the  Ilomestake, 
Golden  Star,  and  Highland  mills.  The  Caledonia  may  be  placed 
with  the  Golden  Star,  and  the  Deadwood,  Golden  Terra,  and  Father 
de  Smet  with  the  Higiiland,  notwithstanding  local  variations,  es- 
pecially such  as  are  necessitated  in  the  Father  de  Smet  by  the  pecu- 
liar arrangement  of  its  batteries. 

1.  In  the  Homestake  mill,  the  continuation  of  the  engine-shaft 
forms  the  one  line-shaft  of  the  mill  and  is  placed  on  the  battery  sills. 
This  is  a  cheap  construction  and  gives  a  solid  foundation  for  the  boxes, 
in  which  the  line-shaft  rests.  The  shaft  is  kept  in  line  by  the  even 
pull  of  the  long  belts  placed  on  each  side  at  an  angle  of  about  30 
degrees.  The  supposed  disadvantage  of  being  obliged  to  stop  the 
entire  mill,  if  anything  happens  to  the  line-shaft,  is  insignificant. 
When  the  mill  was  built  in  1878,  the  line-shaft  was  not  made  ot 
sufficient  thickness,  in  consequence  of  which  it  became  twisted  and 
broke  within  two  years.  The  new  shaft,  having  the  requisite 
strength,  has  been  steadily  in  use  ever  since.  For  minor  repairs, 
the  position  of  the  shaft  is  a  disadvantage.  It  is  in  an  obscure  place 
where  it  escapes  attention,  particularly  as  everything  has  to  be  done 
by  artificial  light. 

2.  In  the  Golden  Star  mill,  the  power  is  transferred  from  a  small 
main  shaft  to  two  line-shafts  on  the  cam-floor,  the  main  shaft  being 
nearly  on  the  same  level.  This  arrangement  is  favored  by  builders 
on  the  Pacific  coast.  It  is  shown  in  the  Providence  mill,  Nevada 
City,  Cal.,  for  description  and  drawing  of  which,  see  the  paper  of 
Mr.  F.  D.  Browning  on  "Gold  Chlorination  in  California,"  in  the 
School  of  Mines  Quarterly  for  May,  1884,  also  reprinted  in  the 
Scientific  American  Supplement,  No.  445,  July  12,  1884. 

3.  In  the  Highland  mill  (see  Plate),  the  small  main  shaft  is  placed 
between  cam-floor  and  battery-floor,  and  is  connected  with  two  line- 
shafb,  placed  on  the  battery  sills,  behind  the  mortars. 

Both  of  these  mills  have  two  line-shafts,  which  is  probably  neces- 
sary considering  the  power  that  is  required  for  a  120-stamp  mill. 
The  disadvantage  is  that  the  pull  of  the  belt,  on  one  side  only  of 
the  shaft,  has  a  tendency  to  draw  it  off  the  line,  and  also  causes 
great  w^ear  and  tear.  As  to  placing  the  line-shafts  in  front  of  the 
batteries  on  the  cam-floor,  or  behind  them  on  the  battery-floor,  there 
is  a  diversity  of  opinion.  The  former  arrangement,  as  at  the  Golden 
Suir  mill,  gives  the  best  light  in  the  mill  and  makes  the  shafts  easily 
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accessible.  The  power  from  the  engine-shaft  is  transmitted  to  the 
line-shafts,  and  from  these  to  the  cam-shafts,  by  long  belts,  which 
are  nearly  horizontal.  They  require  no  tighteners,  and  last  longer 
than  those  of  either  the  Homestake  or  Highland  mills.  On  the 
other  hand,  the  boxes  of  the  line-sliafts  rest  on  transverse  sills  on 
the  cam-floor,  which,  although  braced  and  strengthened  in  various 
ways,  cannot  furnish  the  same  sure  foundation  as  that  at  the  Home- 
stake  and  Highland  mills.  Experience  has  shown,  however,  that 
this  disadvantage  is  more  than  counterbalanced  by  the  smaller  con- 
sumption of  belts  and  the  easy  accessibility  of  the  line-shafts.  The 
Highland  mill  has  the  line-shafts  on  the  sure  foundation  of  the 
battery-sills ;  but  the  darkness  and  the  exposure  of  the  line-shafts, 
thus  placed  just  behind  the  mortars,  to  the  trickling  of  water  and 
fine  ore,  are  serious  disadvantages.  Again,  the  belts  from  the  main 
shaft  down  to  the  line-shafts,  and  from  these  up  to  the  cam-shafts, 
are  short  and  steeply  inclined,  requiring  powerful  tighteners,  which 
cause  an  increased  consumption  of  belts.  The  mill,  however,  like 
the  Homestake,  is  so  arranged  as  to  leave  the  battery,  with  the 
apron-  and  sluice-plates,  free  from  any  superstructure. 

Particulars  as  to  shafting,  belts,  etc.,  will  be  found  in  Table  III. 
(p.  506). 

The  relation  of  the  horse- power  of  the  engine  to  each  stamp 
averages  for  the  seven  mills  about  1.7:1.  This  low  figure  is  due 
to  the  large  number  of  stamps  in  each  mill  (80  to  120),  which  is 
much  higher  than  the  common  average  in  gold-mills. 

Supply  of  Water' and  Fuel. — A  regular  supply  of  water  is  a  prime 
necessity  in  milling.  In  this  district  it  is  chiefly  furnished  by  two 
companies,  at  prices  varying  from  50  to  57  cents  per  stamp  per  day, 
the  supply  being  brought  in  ditches.  In  winter,  water  becomes 
scarce,  and  then  the  mills  of  the  Homestake  management  are  sup- 
plied in  part  by  pumping  from  the  Homestake  and  Dead  wood -Terra 
mines.  This  water  otherwise  runs  to  waste.  The  big  Highland 
mill  would  be  obliged  to  stop  four  months  each  winter  if  the  tailings 
of  the  Homestake,  Golden  Star  and  Highland  mills  were  not  settled, 
and  the  clear  water  pumped  back  into  the  supply-tank.  The  method 
by  which  this  is  done  is  simple  and  effective.  The  tailings  of  the 
three  mills  are  discharged  together  into  the  creek,  called  Gold  Run. 
A  little  way  further  down,  this  broadens,  and  is  closed  by  two  dams, 
one  below  the  other,  forming  two  reservoirs.  The  upper  overflows 
into  the  lower,  which  is  four  times  its  size,  and  this,  in  turn,  has  its 
overflow  into  the  bed  of  the  creek.     The  dams  consist  of  cribbing, 


506 


GOLD-MILLING    IN   THE    BLACK    HILLS. 


Table  III. — Shafting,  Breakers,  and  Belts. 
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filled  up  solidly  with  waste  rock.  On  their  upper  sides  they  are 
liued  with  water-tight  planking.  Down  the  middle  of  this,  runs  a 
wooden  box,  three  sides  of  which  are  made  of  solid  plank,  the  fourth 
being  left  open.  When  the  reservoir  is  to  be  filled,  this  box  is  closed 
by  pieces  of  heavy  plank  placed  transversely.  As  far  as  the  mere 
filling  of  the  reservoir  is  concerned,  the  box  might  as  well  be  closed 
by  one  solid  piece,  but  the  object  of  a  number  of  pieces  is  to  dis- 
charge the' water  gradually.  This  is  done  by  removing  the  pieces, 
one  after  another,  as  the  water  is  lowered,  that  the  sands  may  be 
kept  in  suspension  and  carried  through  the  culvert.  Were  the  box 
opened  at  the  bottom  or  to  its  full  height  at  once,  the  sands  would  be 
carried  into  the  culvert  in  such  a  quantity  as  to  clog  it.  This  cul- 
vert, in  which  the  box  ends,  passes  through  the  dam  and  under  the 
low'er  reservoir  and  lower  dam  to  the  bed  of  the  creek  below.  The 
lower  dam  is  arranged  in  the  same  way.  When  the  reservoirs  are 
not  in  use,  the  water  of  the  creek  passes  off  through  the  culvert. 
When  they  are  to  be  filled,  the  boxes  are  closed.  The  water  accu- 
mulates in  the  upper  reservoir  until,  after  six  hours,  it  overflows, 
leaving  all  the  coarse  sands  in  the  upper  reservoir,  and  carrying  with 
it  only  the  finer  slimes,  which  settle  in  the  lower  one.  From  this 
the  clarified  water  is  pumped,  at  the  rate  of  60  cubic  ft.  per  minute, 
into  the  Highland  tank,  200  ft.  above.  The  coarse  sands  are  re- 
moved from  the  upper  reservoir  every  twenty-four  hours.  In  order 
to  do  this,  the  transverse  planks  closing  the  discharge  are  removed, 
one  after  another,  and  the  water  passes  off,  carrying  the  sands  with 
it.  As  this  process  takes  four  hours,  and  the  filling  six,  there  are 
fourteen  hours  of  overflow  into  the  lower  reservoir,  where  the  slimes 
settle.     These  are  removed  once  in  two  months,  in  the  same  way. 

The  fuel  for  the  mills  under  the  Homestake  management  is  sup- 
plied by  the  "  Black  Hills  and  Forte  Pierre  Railroad  Company." 
This  road,  with  about  thirty  miles  of  3-ft.  gauge  track,  runs  along 
the  divide  between  Gold  Run  and  City  creek,  terminating  at  a  point 
about  fourteen  miles  south  of  Lead  City.  The  whole  section  was 
originally  heavily  wooded,  but  has  been  quite  denuded  by  the  con- 
stant demands  made  upon  it.  The  railroad  is  very  winding  and  is 
quite  a  feat  of  engineering.  It  runs  down  the  slope  into  Whitewood 
creek,  and  up  the  opposite  height,  until  it  finally  reaches  the  point 
where  timber  is  still  to  be  obtained.  This  road,  as  soon  as  spring 
opens,  is  employed  in  transporting  the  wood  and  timber  which  have 
been  cut  and  stored  along  its  line,  and  is  in  constant  use  until  the 
heavy  snows  block   it  for  the  winter,  generally  from  January  till 
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April.  It  lias  three  hraticlies,  towards  the  three  towns  where  the 
mills  are  situated,  and  coniniunicates  directly  with  these  by  means 
oClong  wooden  chutes,  down  which  the  wood  is  discharged.  These 
are  from  700  to  1500  ft.  long,  running  down  the  slope  of  the  moun- 
tain. The  chutes,  25  in.  broad  by  12  in.  deep,  are  made  of 
4-in.  plank.  The  bottom  and  9  inches  of  the  sides  are  lined  with 
|-in.  iron.  Tiic  fall  of  the  chute  is  6  in.  to  the  foot  until  the 
curve  begins,  when  it  is  4|  in.  This  continues  to  the  nozzle 
which  is  elliptical.  When  the  chute  is  in  use,  a  small  current  of 
water  is  passed  through  it  to  prevent  the  iron  from  becoming  too 
hot,  and  also  to  act  as  a  lubricator.  The  cord  wood,  unloaded  into 
the  toj)  of  the  chute,  passes  down  the  incline  with  great  velocity. 
At  the  nozzle  it  is  deflecited  from  its  course,  and,  through  the  momen- 
tum obtained  in  its  downward  passage,  siioots  up  into  the  air  and 
droj)s  some  distance  off  on  the  wood  pile.  In  order  to  discharge  the 
wood  on  a  somewhat  large  area,  the  nozzle  is  made  movable.  The 
Caledonia  mill  has  its  wood  hauled  by  teams,  but  is  making  experi- 
ments with  soft  coal,  as  the  price  of  a  cord  of  wood  in  the  district  is 
six  dollars. 

Auxiliary  Arrangements. — As  the  thermometer  often  sinks  to  forty 
and  fifty  degrees  below  zero  (Fahrenheit),  the  mills  and  the  water 
used  in  them  have  to  be  warmed.  This  is  generally  done  by  the  use 
of  steam.  Along  the  ground-floor,  in  front  of  the  ai)ron-platcs,  there 
runs  a  sheet-iron  drum,  18  in.  in  diameter,  through  which  the 
waste  steam  of  the  engine  is  conducted.  The  battery-water  is  pre- 
vented from  freezing  by  steam  coils  passing  through  the  supply- 
tanks. 

Fire-plugs,  with  the  necessary  hose-attachments,  are  placed  at 
regular  intervals,  to  be  used  in  case  of  accident. 

To  reduce  the  cost  of  repairs  and  renewals,  which  is  so  large  a 
part  of  the  expenses  of  gold-milling,  the  Homestake  comj^any  has  a 
foundry,  where  the  rock-breaker  shoes  and  dies,  pitmans  and  toggle- 
plates,  mortars  and  dies,  boss-heads,  tappets,  thimbles  for  props, 
cams  and  hubs  of  cam-shaft  pulleys,  and  all  shaft-boxes,  are  cast, 
from  No.  Land  No.  3  foundry-iron  and  worn-out  eastings.  These 
are  also  sometimes  bought  at  one  cent  a  pound.  The  casting  is  all 
done  in  sand,  with  the  exception  of  the  rock-breaker  shoes  and  dies 
and  the  faces  of  the  battery-dies,  which  are  chilled. 

In  the  machine  shoj),  which  is  a  very  complete  establishment,  all 
the  necessary  repairs  are  made.  This  is  the  only  good  shop  in  the 
district,  and  does  the  necessary  work  for  outside  companies  also. 
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V.  The  Mills  in  Detail. 

The  six  mills  under  the  Homestake  management  (that  is,  all  the 
mills  here  described,  except  the  Caledonia)  have  the  same  patterns 
for  all  parts  needing  frequent  renewal.  This  greatly  reduces  the 
amount  of  material  kept  on  hand  and  the  labor  and  cost  of  repairs. 

Grizzlies. — These  are  coarse  screens,  upon  which  the  ore,  arriving 
from  the  mine,  is  dumped  and  separated,  the  screened  fines  dropping 
directly  into  the  bins.  This  relieves  the  breaker  of  ore  that  does 
not  need  to  be  crushed,  and  only  the  coarse  ore  has  to  be  shovelled 
into  it.  They  are  3  to  4|  ft.  wide,  10  to  14  ft.  long,  and  set  at  an 
angle  of  about  40  degrees,  representing  a  rise  of  7  to  8  in.  per  ft.  They 
are  made  generally  of  wrought  iron  bars,  1  in.  wide  and  2  to  4  in. 
deep,  held  in  place,  1|  to  2  in.  apart,  by  three  or  four,  sometimes 
five,  1-in.  iron  rods,  provided  with  washers  at  the  proper  intervals. 
Mr.  Bowie*  gives  2040  pounds,  as  the  weight  of  a  grizzly  at  the  Father 
de  Smet  mill,  4J  x  12  ft.  in  size,  with  24  bars,  1  in.  wide  by  2  in. 
deep,  and  ij  in.  apart.  The  grates  last  about  four  years.  In  some 
instances  old  wrought-iron  rails,  with  base  turned  up,  take  the  place 
of  the  standard  rectangular  bars;  but  they  do  not  last  much  over 
one  year. 

Rock- Breakers. — All  the  Homestake  mills  use  the  Blake.  The 
coarse  ore,  rolling  down  from  the  grizzlies,  collects  on  the  crusher- 
floor,  and  is  fed  by  hand  into  the  mouth  of  the  breaker  on  the  same 
level.  From  the  crusher,  it  passes  into  the  bins  which  have  already 
received  the  fine  ore  from  the  grizzlies.  The  No.  5  breaker  used 
(the  largest  pattern  in  the  market)  has  a  receiving  capacity  of  9  by 
15  in.,  is  set  to  crush  from  IJ  to  If  in.,  and  is  run  20  hours  out  of 
the  24,  each  crusher  being  calculated  to  serve  20  stamps.  The 
amount  crushed  per  day  is  not  known,  as  there  is  no  easy  way  of 
determining  how  much  of  the  ore  in  the  bins  has  passed  through 
the  crusher.  If  one-fourth  of  the  ore  (a  probable  proportion  in  view 
of  the  slaty  character  of  the  ore)  passes  through  the  screens,  escaping 
the  breaker,  and  if  20  stamps  crush  90  tons  of  Homestake  ore  in  24 
hours,  the  amount  crushed  in  20  hours  by  one  crusher  is  67|  tons, 
or  3.4  tons  per  hour.  This  small  figure,  as  compared  with  the 
capacity  of  the  crusher,  which  is  given  at  7  tons,  is  d«e  to  the  small- 
ness  of  the  mouth  of  the  crusher,  which  necessitates  the  breaking-up 
of  the  ore — a  serious  matter,  occasioning  much  delay.  Xo  part  of 
the  mill-work  is  so  laborious  as  this  breaking  and  feeding  of  the  ore, 
which  has  to  be  done  by  hand. 

*  Trans.,  x.  98. 
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The  wear  and  tear  of  material  in  a  crusher  is  comparatively  small, 
a  shoe  lasting  two  months,  a  die  four  months. 

The  small  receiving  capacity  of  the  No.  5  Blake  is  a  marked  dis- 
advantage to  it,  in  comparison  with  the  Gates  crusher,  lately  intro- 
duced at  the  Caledonia.  The  ore  of  the  Caledonia  mine  breaks 
rather  coarse  (thai  is,  it  does  not  show  much  of  the  slaty  character 
of  the  Homestake  ore),  and  is  dumped  immediately  into  the  hopper 
of  the  crusher  without  use  of  tlie  grizzly.  With  about  the  same 
horse-power  as  three  No.  5  Blakes,  and  set  to  the  same  size,  one 
No.  6  Gates  crusher  (with  three  receiving  openings,  each  12  by  18 
in.),  attended  by  one  man  only,  crushes  200  tons  in  10  hours. 
When  the  three  Blakes  were  in  use,  it  i-equired  20  hours  and  5  men 
to  produce  the  same  result.  Mr.  T.  L.  Skinner,  the  superintendent, 
says  in  his  last  report  that  this  new  crusher  saves  him  $27  a  day. 
In  order  to  make  the  iron  head  last  longer,  he  uses  three  sets  of 
concaves  of  graduated  thickness,  the  thinnest  first,  and  so  on. 
When,  after  some  time,  the  head  and  first  set  of  concaves  have 
become  so  worn  away  as  to  increase  the  width  of  the  discharge 
above  Ih  iu.,  the  second  set  is  introduced  ;  and,  when  they  in  turn 
wear  thin,  the  third.  By  the  time  these  are  worn  down  (after  about 
five  months),  it  becomes  necessary  to  replace  the  head.  The  disad- 
vantage of  the  Gates  crusher  is  its  enormous  weight  (No.  6  weighs 
30,000  lbs.),  and  the  consequent  difficulty  of  transporting  it, 
especially  in  some  mining  regions. 

The  best  arrangement  for  a  large  mill  seems  to  be  to  use  a  still 
larger  Gates  crusher  (No.  8,  with  receiving  openings  18  by  48  in.), 
set  to,crush  coarse,  and  discharging  into  two  No.  6  crushers,  set  to 
crush  fine.  Thus  the  largest  pieces  of  rock  any  man  could  handle 
would  pass  directly  into  the  crusher,  and  the  breaking  by  hand  in 
mine  and  mill  would  be  reduced  to  a  minimum. 

The  smaller  Gates  crushers,  with  correspondingly  small  mouths, 
are  not  to  be  preferred  to  the  Blake  crushers. 

Ore-Bins. — These  receive  the  ore  from  the  grizzlies  and  crushers, 
directly  over  them,  and  discharge  it  through  chutes  into  the  hoppers 
of  the  feeders.  They  are  triangular;  with  one  vertical  side,  facing 
the  battery  and  reaehing  down  to  the  cam-floor.  Just  above  the 
latter  are  the  openings  (one  for  each  feeder)  through  which  the 
ore  passes  downward  into  the  chutes,  terminating  in  the  hoppers  of 
the  feeders.  The  quantity  of  the  discharge  is  regulated  by  a  sliding 
door.  In  a  double  mill,  the  inclined  bottoms  of  the  two  bins  diverge, 
leaving  an  open  space  between  them  which  has  the  shape  of  an  in- 
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verted  V.  This  arrangement  of  bins  is  common  to  all  the  mills 
except  the  Father  de  Sraet. 

The  bottoms  of  the  bins,  3  in.  thick,  are  made  of  1-in.  board, 
running  lengthwise,  with  2-in.  plank,  placed  at  right  angles  upon  it 
crosswise.  The  bottom  and  sides  are  carefully  braced  with  strong 
beams.  There  are  no  separate  compartments  or  special  arrange- 
ments for  directing  the  ore  towards  the  discharge-openings.  The 
descending  ore  soon  wears  out  such  contrivances.  It  is  advisable  to 
line  with  iron  the  upper  part  of  the  bottom,  on  which  the  ore  drops 
from  the  grizzlies  and  crushers.  Otherwise,  it  wears  out  much  faster 
than  the  middle  and  lower  parts,  which  last  5  to  6  years. 

It  is  best  to  make  ore-bins  as  large  as  practicable,  so  that,  in  case 
of  accident  in  mine  or  at  rock-breakers,  the  mill  need  not  stop.  The 
capacity  ought  never  to  be  less  than  one  full  day's  supply.  By 
multiplying  in  each  of  the  three  double  mills,  the  horizontal  dis- 
tance between  the  two  sets  of  batteries  into  the  vertical  distance 
between  crusher-floor  and  cam-floor,  the  comparative  size  of  their 
ore-bins  can  be  approximately  estimated.  The  following  table  shows 
the  result.  It  is  assumed  that  the  distance  between  front  of  bin  and 
battery,  as  well  as  the  incline  of  the  bin,  is  about  the  same  in  all. 

Table  IV. — Comparative  Capacity  of  Ore-Bins. 


Xame  of  Mill. 


Horizontal 

distance, 

feet. 


Homestake,  . 
Golden  Star, 
Highland,    . 


44.5 
36.0 
46.0 


Height, 
feet. 


Product, 
square  feet. 


14.25 
23.75 
22.75 


634 

855 

1046 


This  would  show  that,  of  the.se  three  double  mills  in  which  the 
batteries  are  arranged  back  to  back,  the  Highland  has  the  largest 
bin-capacity.  In  the  Father  de  Smet,  where  the  batteries  discharge 
towards  the  center,  the  bins,  built  entirely  above  the  batteries,  and 
extending  to  the  side-walls  of  the  building,  have  a  still  larger  ca- 
pacity, the  figures,  corresponding  to  the  dimensions  given  above, 
being  57  feet  by  30  feet,  or  1710  square  feet.  There  are,  however, 
decisive  objections  on  other  grounds  to  this  arrangement.  The 
apron-plates  are  so  overshadowed  by  the  inclined  bottoms  of  the 
ore-bins  above  that  the  facility  of  supervision,  claimed  as  one  ad- 
vantage of  this  plan,  is  largely  neutralized  by  the  prevailing  dark- 
ness, even  at  noonday. 
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Feeders. — The  working  capacity  of  a  battery,  and  its  exemption 
from  unncoessary  wear  aiul  tear,  depend  greatly  on  regular  and 
equal  feeding  of  ore.  Tliis  used  to  be  done  by  hand,  but  is  now 
generally  accomplished  by  automatic  feeders,  placed  at  the  back  of 
the  batteries,  and  discha*i'ging  either  directly  into  the  feed-oj)ening 
of  the  mortar  (the  lip  of  the  feeder  reaching  into  the  mortar-feed), 
or,  as  at  the  Caledonia,  upon  a  small  inclined  iron-lined  apron  which 
leads  to  the  mortar.  By  the  latter  arrangement,  a  little  more  room 
is  left  between  feeder  and  mortar,  and  the  feed-opening  can  be  nar- 
rower and  longer,  and  the  ore  more  uniformly  distributed  under  the 
stamjis.  Thus,  the  Homestake  mortar  feed-opening  is  24  in.  long 
and  -1|  in.  wide,  while  that  of  the  Caledonia,  occupying  the  entire 
length  of  the  mortar,  is  52  in,  long  and  only  3  in.  broad. 

The  two  ore-feeders,  used  in  the  district,  are  the  "  Hendy  Chal- 
lenge "  and  the  "  Tullock  Automatic."  Each  has  a  well-earned  good 
name,  the  Challenge  being,  perhaps,  more  desirable  for  wet  ores. 
Both  right-hand  and  left-hand  feeders  are  used,  the  bumper-rod 
standing  between  stamps  1  and  2  or  4  and  5.  The  Challenge  feed- 
ers, introduced  with  the  new  20  stamps  of  the  Caledonia  mill,  are 
central  feeders,  the  bumper-rod  being  placed  next  to  the  central 
stamp.  The  rod  is  guided  from  the  cam-floor,  to  which  a  piece  of 
board,  with  suitable  hole  for  the  rod  to  pass  through,  is  fastened. 

The  comparative  advantages  of  the  two-feeders  may  be  summed 
up  by  saying  that,  while  the  sheet-iron  plate  below  the  hoi)per  of 
the  Tulloch  wears  out  quickly  (with  Homestake  ore,  in  two  years), 
it  is  cheap  and  can  be  patched  or  renewed  by  any  blacksmith  ;  while 
the  circular  cast-iron  carrier-table  of  the  Challenge  lasts  seven  years 
with  the  same  ore,  but  is  costly,  and,  if  anything  is  out  of  order 
with  the  gearing,  it  requires  a  shop  and  a  machinist. 

Battery- Foundations,  Frames  and  Guides. — The  essential  impor- 
tance of  a  good  foundation  is  well  known.  In  preparing  it,  a  rect- 
angular pit,  from  11  to  14  ft.  deep,  is  first  dug  to  receive  the  mor- 
tar-block. It  is  made  sufficiently  long  and  wide  (4  by  6^  ft.)  to 
leave  a  space  of  about  24  inches  all  around  the  block.  The  bottom 
is  then  carefully  levelled  and  some  sand  tamped  down.  On  this  are 
placed  two  layers  of  2-inch  plank,  sj)iked  crosswise  to  each  other, 
and  then  the  planks  which  form  the  mortar-block.  The  latter 
used  to  be  placed  directly  on  the  bottom  of  the  pit,  the  uneven 
taps  being  sawed  off  afterward.  Now,  care  is  taken  that  this  4-inch 
wooden  floor  shall  be  accurately  horizontal,  and  that  the  distance 
between  it  and  the  bottom  of  the  mortar  sliall   have  the  length  of 
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the  mortar-block.  The  top  of  the  block  is  only  planed  off,  which 
saves  time.  By  the  use  of  this  flooring,  the  time  required  for  re- 
placing a  mortar-block  is  reduced  from  six  or  seven  days  to  five. 
The  mortar-block  consists  of  planks,  from  11  to  14  ft.  long  (accord- 
ing to  the  depth  of  the  pit),  of  varying  breadth,  and  not  more  than 
2  or  3  in.  thick,  as  it  is  difficult  to  find  wood  of  greater  thickness 
which  is  sound  throughout.  They  are  spiked  together,  and  are 
fastened  above  and  below  with  binders,  bolted  to  each  other  by 
transverse  rods,  the  upper  binders  (8  by  12  in.)  being  even  with  the 
top  of  the  mortar-block,  and  the  lower  binders  (12  by  12  in.)  3  ft. 
lower  down.  The  space  around  the  mortar-block  is  then  carefully 
filled  and  tamped  with  rock  and  tailings  up  to  the  level  of  the  mud- 
sills, which  are  about  4  ft.  below  the  bottom  of  the  mortar.  When 
the  top  of  the  mortar-block  has  been  planed  off  and  levelled,  a  sheet 
of  rubber  cloth,  J  in.  thick,  is  placed  over  it,  and  the  mortar  put  in 
place.  Through  the  four  holes  in  the  flanges  on  each  side,  pass  eight 
bolts,  from  3  ft.  to  4  ft.  6  in.  long,  and  from  If  to  1 J  in.  in  diameter, 
with  which  the  mortar  is  fastened  to  the  block. 

In  placing  the  planks  forming  the  mortar-block,  and  in  adjusting 
the  bolts  that  hold  down  the  mortar,  a  decided  improvement  has 
lately  been  made  at  the  Homestake  mills.  The  planks  which  always 
stand  upon  end,  were  formerly  so  spiked  that  their  width  was  par- 
allel to  the  short  side  of  the  mortar.  The  holes  for  the  eight  bolts 
were  then  bored  into  the  mortar-block  from  above ;  at  a  suitable 
distance  below,  recesses  were  chipped  out  to  receive  the  nuts  which 
secure  the  lower  ends  of  the  bolts.  Now  the  planks  are  so  placed 
that  their  width  is  parallel  to  the  long  side  of  the  mortar.  The  bolts 
have  only  at  their  upper  end  a  thread,  and  end  in  a  loop  at  the  bot- 
tom. Through  these  loops  and  through  the  mortar-block,  pass  hori- 
zontally 2-in.  iron  rods.  The  planks,  on  the  two  sides  of  the 
block,  where  the  bolts  pass  down,  are  cut  out  to  receive  them.  The 
advantages  of  this  arrangement  are  apparent.  In  addition  to  the 
mortar  being  more  securely  and  evenly  tied  to  the  block,  it  is  easier 
to  renew  the  mortar-block  if  necessary.  The  pit  need  only  be  dug 
in  the  front  of  the  mortar,  and  when  the  front  binders  have  been 
removed,  it  is  easy  to  tear  out  the  planks,  one  after  another,  with 
pick  and  adze.  In  putting  in  the  new  block,  the  two  outside  rows 
of  planks,  with  places  cut  to  receive  the  bolts,  are  kept  ready,  so  that 
only  four  horizontal  2J-in.  holes  for  the  rods  need  be  bored  when 
the  planks  have  been  spiked  together.  With  the  old  method,  two 
trenches  had  to  be  dug,  instead  of  one,  if  a  mortar-block  was  to  be 
VOL.  X.VII. — 33 
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exchanged.  Tlien  the  planks  had  to  be  chijiped  out  in  pieces  until 
room  enough  had  been  made  for  them  to  be  torn  off.  This  cost 
much  labor  and  time. 

Batfery  frames. — These  arc  generally  12  by  24  in.  in  size,  with 
recesses  for  the  boxes  of  the  cam-shaft.  They  are  placed  on  the 
short  sides  of  the  mortar,  and  are  inde]>endent  of  the  mortar-block, 
standing  on  the  cross-sills  (which  are  placed  on  top  of,  and  at  right 
angles  to,  the  mud-sills),  and  tied  by  the  upper  and  lower  guide- 
timbers,  and,  at  the  foot,  by  two  longitudinal  beams,  bolted  to  them, 
and  let  into  the  cross-sills.  The  frames  are  braced  either  from  the 
back  or  the  front  of  the  battery,  according  to  the  way  in  which  the 
])ower  is  transmitted  to  the  cam-shaft.  In  the  Tlomestake,  High- 
land, Golden  Terra  and  Father  de  Smet  mills,  where  the  line-shafts 
are  at  the  back  of  the  battery,  the  frames  are  braced  by  posts,  gen- 
erally placed  on  an  incline  between  frame  and  cross-sill,  leaving  the 
entire  front  of  the  battery  unobstructed.  In  the  Golden  Star  and 
Caledonia  mills,  the  cam-shafts  receive  their  motion  from  line-shafts 
placed  on  the  cam-floor,  and  the  frames  are  braced  against  the  cross- 
beams to  which  the  boxes  of  the  line-shafts  are  bolted. 

Guides. — The  stamps  are  held  upright  by  two  sets  of  guides, 
fastened  to  the  guide-timbers  which  tie  the  battery-frames.  The 
upper  guides  are  above  the  tappets,  the  lower  ones  between  the  cam- 
shaft and  the  top  of  the  mortar.  At  the  Homestakemill,  the  center 
of  the  lower  guides  is  17|  in.  above  the  top  of  the  mortar,  and  the 
cam-shaft,  revolving  between  the  two  sets  of  guides,  is  3  ft.  10|  in. 
below  the  center  of  the  upper,  and  4  ft.  above  the  center  of  the  lower 
guides,  making  the  total  distance  between  the  two  sets  7  ft.  lOJ  in. 
At  the  Caledonia  mill,  the  distance  from  top  of  mortar  to  center  of 
lower  guides  is  16|-  in. ;  from  these  to  center  of  cam-shaft,  3  ft.  4|- 
in.;  from  this  to  center  of  upper  guides,  4  ft.  2\  in.;  total,  7  ft. 
6f  in. 

Each  set  of  guides  consists  of  two  pieces  of  4-in.  pine  plank,  16 
in.  deep,  having  semi-circular  grooves,  through  which  the  stems  of 
the  stamps  pass.  Between  the  two  parts  of  the  guides,  when  new, 
are  inserted  small  pieces  of  wood  to  hold  them  slightly  apart.  When 
the  grooves  are  somewhat  worn,  these  slats  are  removed,  and  the 
guides  brought  nearer  each  other.  Later  on,  the  faces  are  planed 
off  to  diminish  the  size  of  the  grooves,  so  that  the  stamps  may  not 
be  held  too  loosely.  Each  set  of  guides  is  secured  to  the  guide- 
timber  with  eight  ^-In.  bolts.  The  grooves  in  the  guides  are  lubri- 
cated with  a  preparation  of  black  lead  and  linseed  oil,  mixed  warm 
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in  such  proportions  as  to  form  a  soft  paste.  Oak  guides  last  eighteen 
months ;  pine,  only  four  months. 

Ilortars. — Two  kinds  of  single  discharge  mortars  are  used  in 
the  district.  Each  consists  of  one  solid  casting.  The  bottom  and 
sides  are  so  thick  as  not  to  need  any  lining,  this  thickness  decreas- 
ing very  considerably  as  the  feed  is  approached.  The  outside  walls 
are  vertical,  with  the  exception  of  the  discharge,  which  projects 
somewhat.  The  top  is  closed  by  two  pieces  of  2-in.  plank,  which 
rest  on  lugs,  |  in.  wide,  cast  in  the  mortar,  2  in.  below  the  top. 
These  planks  iiave  each  five  semi-circular  recesses  which,  when  placed 
together,  form  holes  for  the  passage  of  the  stems.  In  addition  to 
these  five  large  holes,  two  smaller  ones  are  bored  for  the  two  1-in. 
water-supply  pipes,  placed  between  stamps  1  and  2  and  4  and  5. 
Two  mortars  are  placed  close  together,  as  the  stamps  of  both  are 
set  in  motion  by  one  cam-shaft.  In  order  to  reach  the  mortars,  etc., 
a  passage-way  is  left  between  every  two  pairs  of  batteries.  The 
water-supply  is  derived  from  a  3-in.  main,  running  along  the  front 
of  the  batteries.  From  it  passes  upward  a  2-in.  pipe  between  each 
pair  of  batteries.  With  this  is  connected  a  2-in.  horizontal  pipe, 
from  which  four  1-in.  pipes  branch  off  at  right  angles,  two  for  each 
mortar.  In  addition  to  this  water-supply,  there  is  a  1-in.  pipe  at 
each  passage-way,  close  to  the  mortar,  coming  from  the  8-in.  main. 
A  ho.se  is  attached  to  clean  the  apron-plates  and  for  other  purposes. 

The  points  of  difference  between  the  two  mortars  lie  in  the  inside 
dimensions  of  the  lower  part  of  the  mortar  and  in  the  arrangement 
and  number  of  the  inside  amalgamated  copper  plates. 

1.  The  Homestake  mortar  (Figs.  1,  2  and  3),  weighing  5400 
pounds,  is  54J  in.  high  and  54f  in.  long.  The  feed-opening,  begin- 
ning 6|  in.  below  the  top,  is  24  in.  long,  4J  in.  wide  and  7  in.  deep. 
On  entering  the  mortar  it  remains  24  in.  long  and  7  in.  deep. 
At  the  bottom  of  the  feed,  forming  the  continuation  of  the  incline 
over  which  the  ore  passes  into  the  mortar,  is  a  lip,  4J  in.  wide  and 
1^  in.  thick,  designed  to  discharge  the  ore  against  the  upper  half  of 
the  stamp-head.  The  lower  edge  of  the  lip  is  14  in.  above  the  in- 
side bottom  of  the  mortar.  As  the  lip  wears  out  fast,  it  might  be 
well  to  cast  it  thicker,  as  has  been  done  in  the  Caledonia  mortar. 
Taking  the  front  view  of  the  mortar,  we  find,  15J  in.  from  the  bot- 
tom, the  discharge-opening,  48|  in.  long  and  21  f  in.  high.  The 
frame  is  inclined  outward  about  10  degrees  from  the  vertical.  On 
the  short  sides  of  the  discharge-opening,  are  grooves  to  receive  the 
chuck-block,  screen-frame  and  curtain,  which  are  held  in  place  by 
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keys  and  sockets.  The  chuck-block  is  also  fastened  at  the  bottom 
by  two  horizontal  keys,  supported  by  lugs  on  the  outside  lip  of  the 
mortar  below  the  discharge.  Viewing  the  mortar  in  cross-section, 
we  first  have  the  two   bottom  flanges,  3   in.  high  and  5  in.  broad. 


Tlie  Homestake  Mortar  and  Stamp. 

The  bottom  of  the  mortar  (the  mortar-bed)  is  7J  in.  thick,  the  sides, 
at  the  foot  of  the  dies,  3J  in.  The  inside  dimensions  are:  Width 
at  tiie  bottom,  lOJ  in.  ;*  length,  50  in. ;  height  to  issue  of  mortar 

*  Formerly  the  widtli    was   14  inches,   but,  in   order  to  increase   the  crushing 
capacity,  it  was  reduced. 


518  GOLD-MILLING    IN   THE    BLACK    HILLS. 

(not  ofpuli)),  8-^'  in.  ;  width  at  this  j)oint,  13}  in.;  at  the  top  of  dis- 
chartjjc-openinii;,  20  in.;  at  the  top  of  mortar,  16  in.;  total  inside 
hi'if^lit,  47  in.  The  casting  is  J  in.  thick,  from  tlie  top  down  to  the 
feed-openin<:;,  on  three  sides,  the  back  being  a  little  thicker. 

A  mortar  lasts  fonr  years,  wearing  pretty  uniformly  at  the  sides 
and  back. 

2.  The  Caledonia  mortar  weighs  5700  pounds,  is  57}-  in.  high 
and  54  in.  long.  The  feed-oi)ening,  beginning  15J  in.  from  the  top, 
is  3  in.  wide,  11  in.  deep  and  extends  the  entire  length  of  the  mor- 
tar, having  a  strengthening  rib  in  the  center.  At  entering  the  mor- 
tar, it  is  50J  in.  long  and  7^  in.  deep.  Here  the  lip,  2|  in.  thick 
and  8  in.  wide,  measured  on  the  incline,  begins.  The  bottom  of  the 
lip  is  15  in.  from  the  foot  of  the  dies.  As  in  the  Horaestake  mor- 
tar, the  ore  is  discharged  towards  the  head  of  the  stamp.  The  lip 
serves  also  as  a  protector  to  the  amalgamated  copper  plate  below  it. 
The  discharge-opening  in  front,  50  in.  long  by  17  in.  high,  begins 
20  in.  above  the  bottom  of  the  flange.  Its  frame  is  also  inclined 
outward  about  10  degrees  from  the  vertical.  The  grooves  on  the 
sides,  receiving  only  the  screen-frames  and  the  curtain,  are  simpler 
in  construction  than  those  of  the  Homestake  mortar.  The  lugs  for 
the  horizontal  keys  are  the  same.  Taking  the  cross-section,  we  find 
the  flanges  3  in.  thick  and  4i  in.  wide.  The  mortar-bed  is  7  in. 
thick,  the  sides,  at  the  foot  of  the  dies,  4\  in.  The  inside  dimen- 
sions are :  Width  at  the  bottom,  10  in. ;  length,  50|  in. ;  height, 
14  in.  to  the  issue  of  mortar  and  pulp,  where  the  width  is  16  in. 
This  increases  to  19  in.  at  the  top  of  the  discharge.  The  top  of  the 
mortar  is  131^  in.  wide,  and  the  total  inside  height  50|  in.  The 
casting,  from  the  top  down  to  the  feed-opening,  is  f  in.  thick. 

A  mortar  lasts  six  years,  and  wears  out  more  on  the  short  sides 
than  at  the  back. 

In  comparing  the  two  types,  we  see  that  they  diifer  in  the  feed- 
opening,  as  already  discussed.  The  feeding-lip  also  differs,  that  of 
the  Caledonia  mortar  being  thicker  and  wider  than  the  other.  The 
increase  of  width  is  necessitated  by  the  presence  of  the  amalgamated 
co|)per-plate  below  the  lip;  the  mortar  itself  is  also  wider  at  the 
issue  for  the  same  reason.  The  depth  of  the  Horaestake  mortar  is 
8|  in.  and  that  of  the  Caledonia  mortar  14  in.  The  latter  cor- 
responds with  the  height  at  which  the  issue  of  the  pulp  occurs.  In 
the  Homestake  mortar  the  issue  is  raised  by  tl>e  insertion  of  the 
chuck-block  16^  in.  above  the  foot  of  the  dies,  thus  giving,  with  a 
shallower  mortar,  a  deeper  issue  of  pulp  than  the  Caledonia  mortar. 
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Dies. — The  Homestake  management  casts  its  own  dies.  Ti)e 
quality  of  iron  used  is  between  gray  and  mottled,  the  top  of  the 
cylindrical  part  being  ciiilied.  The  foot-plate  has  bevelled  corners, 
and  is  10  in.  long,  lOJ  in.  wide  and  1 J  in.  thick.  The  cylindrical  part 
or  "  boss"  is  9  in.  in  diameter  and  5  in.  high.  The  level  of  the  die 
is  10  in.  below  the  discharge  which  takes  place  over  the  chuck-block. 
The  die  weighs  121  pounds  (one-seventh  of  the  weight  of  the  stamp) 
and  lasts  about  six  weeks,  crushing  189  tons.  By  that  time  the 
cylindrical  part  has  become  slightly  convex,  and  is  worn  down  to  2 
in.  from  the  foot-plate.  Its  weight  has  then  been  reduced  to  about 
SO  pounds;  thus  48  pounds  of  iron  are  consumed  for  every  100  tons 
of  rock  thatare  crushed. 

The  Caledonia  mill  buys  its  dies  outside.  They  are  of  chilled 
white  iron.  The  foot-plate  has  also  bevelled  corners,  is  10  in.  wide 
by  9|  in.  long  and  H  in.  thick.  The  cylindrical  partis  8  in.  in  diam- 
eter and  5|  in.  high.  While  the  dies  in  the  Homestake  mortar  fill 
its  bottom  completely,  those  of  the  Caledonia  fit  perjectly  in  the 
width  only,  there  being  a  3-in.  space  in  the  length  that  has  to  be 
divided  up  between  the  five  dies.  The  distance  from  bottom  of 
screen  to  top  of  die  is  6  in.  The  die  weighs  160  pounds  (about 
one-fifth  of  the  weight  of  the  stamp)  and  lasts  three  months,  crush- 
ing 300  tons  of  hard  rock.  The  cylindrical  part  is  then  worn  down 
within  1  in.  of  t!ie  foot-plate.  The  worn-out  die  weighs  38  pounds, 
making  the  consumption  of  iron  40  pounds  for  every  100  tons  of 
rock. 

Amalgamated  Copper  Plates  are  placed  along  the  entire  length  of 
the  mortar.  In  the  Homestake  mortar,  one  plate  is  set  to  the  dis- 
charge opening;  in  the  Caledonia  mortar,  there  are  two  plates:  one 
under  the  discharge,  the  other  beneath  the  lip  of  the  feed-opening. 

The  Homestake  mills  use  the  so-called  chuck-block  (half  eleva- 
tion, Fig.  2  and  Fig.  3),  placed  against  the  lower  flange  and  the 
two  side-flanges  of  the  discharge.  The  chuck-block  consists  of  a 
2-in.  plank,  bolted  to  the  back  of  a  l|-in.  board,  and  extending 
from  2  to  2|  in.  above  it.  Its  inside  upper  edge  is  rounded  off, 
and  over  this,  and  along  the  inside  face,  a  jVi"*  copper  plate  is  fast- 
ened with  iron  screws.  The  recess  formed  on  top  of  the  front  board. 
If  in.  wide  and  from  2  to  2J  in.  deep,  is  taken  up  by  the  lower 
part  of  the  screen-frame.  Between  this  and  the  front  board  is 
placed  a  strip  of  carpet  to  form  a  tight  joint.  The  frame  is  held  in 
place  by  a  vertical  piece  of  flat  iron  bolted  to  the  center  of  the  front 
board,  a  horizontal  wedge  being  driven  between  the  two.     The  front 
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board  has  nii  iron  facing  along  its  lower  half,  and  two  vertical  strips 
towards  the  ends,  to  protect  the  wood  against  the  two  horizontal  and 
the  two  vertical  wedges  with  which  it  is  fastened  to  the  mortar. 
To  the  back  (beneath  the  2-in.  plaid<  having  the  sheet-co])per),  is 
tacked  a  strip  of  rubber  cloth,  which  helps  to  make  a  tigiit  joint 
between  wood  and  flange  of  mortar.  Two  chuck-blocks,  of  different 
heights,  are  in  use.  When  the  dies  are  new,  a  chuck-block  7  in. 
high  is  inserted  ;  when  they  have  worn  down  2  in.,  another  chuck- 
block,  5  in.  high,  replaces  it.  Thus  the  height  of  discharge  is  kept 
nearly  uniform.  The  distance  between  the  face  of  the  shoe  and  the 
chuck-block  (2  in.)  is  rather  small.  The  violent  motion  of  the 
battery-water  drives  the  sands  against  the  copper  plate  and  scours 
off  amalgam  that  has  been  caught  on  it.  Thus  comparatively  little 
amalgam  can  settle  on  the  plate.  Wooden  chuck-blocks  last  six 
months.  After  this  time  the  coppers  have  to  be  removed  and  put 
ujwn  new  blocks,  or  they  are  scraped  very  carefully,  put  aside, 
melted  and  sold.  Mr.  R.  Graham,  the  millwright  of  the  Home- 
stake  mill,  has  therefore  replaced,  in  his  mill,  the  2-in.  plank,  to 
which  the  copper  plate  is  screwed,  by  J-in.  iron,  to  which  the  yg-in. 
copper  plate  is  riveted  with  copper  rivets.  The  face  of  the  l|-in. 
wooden  front  board  is  covered  with  |-in.  iron  ;  thus  the  distance 
between  face  of  shoe  and  Graham  chuck-block  is  3f  in.  instead  of 
2  in.  This  iron  chuck-block  lasts  as  long  as  the  mortar,  and  more 
amalgam  collects  on  it  than  on  the  wooden  one.  Of  the  free  gold 
recovered,  55  per  cent,  is  caught  on  this  inside  plate. 

The  reason  that  the  Caledonia  mill  has  amalgamated  copper  plates 
at  both  front  and  back,  is  that  the  ore  milled  is  not  oxidized  at  all, 
which  makes  it  harder  to  extract  the  gold.  The  aim  is  to  keep  the 
pulp  longer  in  the  battery  and  thus  counteract  the  refractory  char- 
acter of  the  ore.  The  plate  in  front  is  5  in.  broad,  the  one  at  the 
back,  8  in.  Both  are  made  of  ^-in.  copper  and  are  simply  bolted 
to  the  mortar,  the  lower  edge  of  the  plates  being  9  inches  above  the 
foot  of  the  dies.  Of  the  free  gold  recovered,  60  per  cent,  is  caught 
on  these  inside  plates. 

Screens. — Both  diagonal-slot  and  wire  screens  are  used  in  the 
district.  With  the  exception  of  the  Father  de  Smet  mill,  which 
uses  partly  No.  30  brass-wire  screens,  all  Homestake  mills  use 
diagonal-slot  screens  made  of  heavy  Russia  iron.  The  needle  num- 
ber is  7,  corresponding  to  a  30-mesh  wire  screen,  the  width  of  the 
slot  being  0.024  in.  The  thickness  of  the  iron  is  No.  24  J  (American 
wire-gauge)  and  its  weight  0.987  lbs.  per  sq.  ft.     The  slots  are  ^  in. 
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long  and  there  are  eight  (formerly  only  seven)  to  the  inch.  The 
punched  surface  of  the  screen  is  48  x  7  in. ;  there  is  a  margin  of 
1  in.,  making  the  entire  screen  50  x  9  in.  A  screen  lasts  two 
weeks.  The  wooden  frame  is  4  i\.  4  in.  long  and  11|^  in.  deep,  and 
has  a  strengthening  rib,  6h  in.  long,  down  the  center.  In  fastening 
the  screen  to  the  frame,  the  lap  is  first  tacked  on,  to  hold  it  in  i)lace, 
then  a  piece  of  rubber  cloth,  2  in.  wide,  is  placed  over  it,  small 
holes  are  punched  through  rubber  and  lap  of  screen  and  both  are 
nailed  to  the  wooden  frame.  The  screen  is  placed  on  the  frame 
with  the  rough  side  facing  the  mortar.  On  the  outside  of  the  frame 
are  fastened,  by  means  of  two  screws,  three  iron  facings,  i  in.  x  9 
in.  and  -^  in.  thick,  M-hich  protect  the  wood  from  the  one  horizontal 
and  the  two  vertical  keys  that  serve  to  wedge  the  frame  against  the 
chuck-block  and  the  planed  flanges  of  the  discharge. 

Sometime  ago,  experiments  were  made  with  screens  of  aluminium- 
bronze,  which  proved  extremely  satisfactory.  The  bronze  contains, 
according  to  a  letter  from  the  Cowles  Electric  Smelting  and  Alum- 
inium Co.,  5  per  cent,  aluminium,  95  per  cent,  copper  and  a  trace  of 
silicon,  and  is  furnished  in  unperforated  sheets  at  45  cents  per  pound. 
When  new,  it  has  a  golden  color,  which  it  loses  with  use.  The  width 
and  length  of  the  slots  are  the  same  as  in  the  ordinary  screen,  but 
there  are  nine  slots  to  the  inch  instead  of  eight.  The  sheet  is  0.035 
in.  thick.  This  screen  lasts  six  months  and  does  not  break  (while 
the  Russia-iron  screen  breaks  in  two  weeks).  The  wear  is  uniform 
over  the  entire  surface,  the  slots  enlarging  to  Xo.  5^  needle.  The 
screens  are  then  past  use.  The  bronze,  however,  is  not  lost,  but 
can  be  melted  down  and  made  into  new  screens.  It  is  the  intention 
of  the  Homestake  management  to  introduce  this  screen  throughout 
all  its  mills.  This  would  have  been  done  already,  had  not  the 
contracts  for  Russia-iron  screens  been  made  before  the  bronze  screen 
was  tried. 

The  Caledonia  mill  uses  Xo.  24  brass-wire  screens,  the  thickness 
of  the  wire  being  No.  26,  and  the  screening  surface  48  x  5|  in.  The 
screen  lasts  one  week.  It  is  fastened  to  a  simple  wooden  frame, 
53  X  ]2|^  in.,  the  horizontal  sides  being  3^  in.  wide,  the  vertical  sides 
2^  in.  Three  wooden  ribs,  1  in.  wide,  divide  the  screen-surface 
into  four  panels  and  thus  prevent  it  from  bulging  out.  The  fast- 
ening of  the  screen  to  the  frame  and  the  wedging  of  this  against 
the  mortar  are  done  as  at  the  Homestake,  except  that  there  the 
screen-frame  is  placed  on  the  chuck-block,  and  here  it  is  keyed 
against  the  lower  rim  of  the  mortar  discharge.     The  Caledonia  uses 
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wire-screens  because,  although  its  stamps  (Iroj)  3  in.  farther  than 
those  of  the  Iloiuostake  mills,  the  splash  is  not  so  great,  by  reason 
of  the  greater  width  of  the  mortar  antl  the  space  taken  up  by  the 
amalgamated  copper  plate  below  the  feeding-lip.  The  force  of  the 
splash  in  the  narrow  Homestake  mortar  is  thrown  entirely  against 
the  screen  ;  that  of  the  wider  Caledonia  mortar  is  divided  between 
the  screen  in  front  and  the  recess  at  the  back.  Thus  the  slot-screen 
would  clog,  while  the  wire  screen  allows  the  pulp  to  pass  through 
free. 

The  uj>per  part  of  the  discharge  of  both  classes  of  mortars,  above 
the  screen-frames,  is  closed  either  by  an  inch  board  or  by  a  canvas 
curtain,  or  piece  of  old  belting,  suspended  from  a  lath.  This  curtain 
or  belt  hangs  down  and  meets  the  screen  in  the  mortar.  It  has  the 
advantage  over  the  board  that  the  amalgamator  can  readily  pass  his 
hand  into  the  mortar  and  remove  any  chips  of  wood,  etc.,  floating 
on  the  water  or  adhering  to  the  inside  of  the  screen. 

AA'e  have  seen  that  in  the  Homestake  mortar  the  pulp  is  driven 
with  some  force  against  the  screens.  In  order  to  break  its  fall  upon 
the  apron-plate,  a  splash-board  is  fastened  to  the  frame  of  the  latter, 
thus  preventing  any  amalgam  collected  there  from  being  washed 
away.  The  Caledonia  mortar  has  no  splash-board,  as  the  pulp  does 
not  pass  the  screens  with  sufficient  force  to  endanger  the  amalgam 
collected  at  the  head  of  the  apron-plate. 

Sia/mps. — The  stamps  (Figs.  1,  2  and  3)  used  by  both  companies 
are  of  the  ordinary  pattern.  They  weigh  850  lbs.,  about  16  lbs.  to 
the  sq.  in.  of  crushing-surface,  and  their  centers  are  9|  to  10  in. 
apart.  For  dimensions  and  other  particulars  as  to  the  different 
])arts,  see  the  table  already  given. 

The  stem  tapers  6  in.  at  both  ends,  so  that  when  it  breaks,  usually 
where  it  enters  the  head,  it  may  be  reversed.  At  the  Homestake 
mills,  a  stem  lasts  about  three  years  before  now  ends  have  to  be 
welded  to  it.  The  Caledonia  mill  requires  for  its  60-stamp  mill 
five  stems  yearly. 

The  tough  cast-iron  head  is  without  the  wrought-iron  rings  which 
are  often  used  at  the  upper  or  lower  end.  It  has  the  usual  key- 
ways  for  the  removal  of  stem  and  shoe.  These  are  parallel  instead 
of  being  at  right-angles,  as  is  usual.  To  fasten  the  head  to  the  stem, 
the  latter  is  let  down  through  the  guide-holes  and  the  socket  of  the 
head  placed  directly  beneath  it.  The  stem  is  lifted  and  dropped 
and  driven  with  a  hammer,  if  necessary.  Then  the  stem  and  head 
together  are  dropped  several  times  on  a  piece  of  timber  placed  be- 
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neath,  until  they  are  quite  firm.  At  the  Homestake  mills,  a  head 
lasts  five  years,  after  which  the  socket  has  become  so  enlarged  that 
the  stem  cannot  be  securely  fastened  in  it  any  longer.  The  Caledo- 
nia mill  requires  one  head  a  month. 

Both  managements  buy  their  shoes  from  outside  foundries.  To 
fasten  the  shoe  to  the  head,  the  shank  is  surrounded  by  small  wooden 
wedges  tied  around  it  with  a  string;  the  shoe  is  put  in  place;  and 
stem  and  head  are  allowed  to  drop.  Thus  the  shank  is  wedged  into 
the  recess  of  the  head,  and  by  raising  the  whole  and  allowing  it  to 
drop  several  times,  the  shoe  becomes  thoroughly  fastened  in.  To 
prevent  it  from  injuring  the  die,  a  piece  of  planking  is  placed  on  the 
latter.  At  the  Golden  Star  mill,  a  very  neat  arrangement  is  in  use 
for  fastening  the  wooden  wedges  to  the  shank  of  the  shoe.  After 
the  wedges  have  been  placed  around  the  shank,  a  strip  of  canvas  is 
wound  around  them  and  tacked  to  eacli  wedge,  forming  a  sort  of 
collar,  which  can  be  easily  slipped  over  the  shank  of  a  new  shoe. 
This  simple  arrangement  saves  a  great  deal  of  time  and  labor  on 
clean-up  days,  when  a  good  many  shoes  have  to  be  replaced. 

After  being  some  time  in  use  in  the  battery,  a  shoe  becomes 
slightly  concave  at  the  base,  but  wears,  on  the  whole,  more  evenly 
than  the  die.  At  the  Homestake  mills,  a  shoe  lasts  two  months, 
crushing  "zTO  tons  of  rock.  It  is  then  worn  down  to  2  inches  from 
the  base  of  the  shank  and  weighs  40  pounds.  This  corresponds  to 
a  consumption  of  37  pounds  of  iron  for  every  J 00  tons  of  rock 
crushed.  At  the  Caledonia  mill,  a  shoe  lasts  three  mouths  and 
crushes  300  tons.  It  is  replaced  when  worn  down  to  1  inch  and 
weighs  35  pounds,  which  corresponds  to  a  consumption  of  35  pounds 
of  iron  for  every  100  tons  of  rock.  It  may  be  asked  why  the  Cale- 
donia mill,  which  buys  both  its  shoes  and  dies,  does  not  use  steel, 
which  is  so  much  more  durable,  and  consequently  cheaper,  espe- 
cially if  the  heavy  freight  charges  are  taken  into  consideration.  The 
answer  is  that  because  steel  lasts  so  much  longer  than  iron,  steel 
shoes  and  dies  would  continue  in  use  after  they  had  become  uneven. 
This  would  reduce  the  crushing  capacity  of  the  battery,  and  thus  in 
the  end  would  be  no  saving  at  all. 

In  order  to  secure  the  tappet  to  the  stem,  the  wrought-iron  gib  is 
first  put  into  the  recess.  The  tappet  is  then  slipped  over  the  stem, 
and  when  it  has  reached  the  desired  place,  is  secured  by  keys  which 
pass  at  right  angles  between  the  gib  and  the  iron  shell  of  the  tappet 
surrounding  the  stem.  All  the  tappets  of  the  Homestake  mills  have 
two  keys ;  those  at  the  Caledonia  have  some  two  and  some  three. 
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Both  faces  of  the  tappet  are  used  as  working  faces.  In  wearing 
down  they  become  uneven  and  ridges  are  formed.  The  tappet  then 
has  to  be  removed  and  planed  off  on  a  lathe  before  it  is  fit  for 
further  use.  Once  in  three  years,  when  the  two  faces  have  worn 
down  1]  inches,  the  tappet  is  replaced  by  a  new  one.  A  tappet 
rarely  splits.  Case-hardened  tappets  and  cams  have  been  tried  at 
the  Horaestake  mills  in  the  expectation  that  the  hardened  working 
surfaces  would  last  longer;  but  the  tapj)ets  cracked  and  became 
useless,  as  they  could  not  well  be  planed  off.  Steel  tappets  and 
cams  have  not  been  tried.  It  takes  from  six  to  eight  hours  to 
change  the  tappets  and  cams  of  one  battery. 

At  the  Homestake  mills,  the  droj)  is  9  in.,  the  number  85  per 
minute,  and  the  order  1,  3,  5,  2,  4.  At  the  Caledonia  mill  the 
height  is  12  inches,  the  number  74,  the  order  1,  3,  5,  2,  4  and  1,  4, 
2,  5,  3.  The  Caledonia  mill  has  such  a  hard  rock  to  pulverize  that 
it  is  forced  to  have  a  higher  drop  and  consequently  a  smaller 
number  of  drops  per  minute.  That  the  Caledonia  mill  has  two 
different  orders  of  drop  is  quite  unimportant,  as  they  both  comply 
with  the  same  requisition,  viz.,  that  no  stamp  shall  be  immediately 
followed  in  falling  by  either  of  those  next  to  it. 

Cams  and  Cam-Shaft. — The  stamps  are  lifted  by  cams  fastened 
to  a  shaft  which  rests  in  boxes.  These  are  supported  by  shoulders 
in  the  front  of  the  battery  posts  to  which  they  are  bolted.  Ten  cams 
are  keyed  to  one  cam-shaft,  which  is  set  in  motion  by  the  cam  pulley. 

The  cams  are  double-armed.  They  are  of  tough  cast-iron  and 
have  the  form  of  the  involute  of  a  circle  (slightly  modified  at  the  end), 
the  radius  of  which  is  equal  to  the  distance  from  the  center  of  the 
cam-shaft  to  the  center  of  the  stamp.  The  hub  of  the  cam,  which 
is  on  the  off-side  of  the  stem,  is  not  strengthened  with  the  wrought- 
iron  band  shrunk  on  it,  which  is  often  used,  but  is  cast  sufficiently 
thick  to  stand  the  strain.  At  the  Homestake  mills  the  cams  have  a 
working  face  2  inches  wide  and  3|  inches  deep.  The  strengthening 
rib,  beginning  at  the  end  of  the  cams,  gains  in  depth  towards  the 
hub,  where  it  is  9|  inches  deep.  The  hub  itself  is  3|  inches  thick. 
The  distance  from  center  of  hub  to  end  of  cam  is  17  inches.  A  cam 
lasts  three  years.  The  cams  of  the  Caledonia  mill  differ  only 
sliffhtlv  from  those  of  the  Homestake  mills.  The  face  is  2?r  inches 
wide  and  2  inches  deep,  the  strengthening  rib  at  the  hub  lOi  inches 
deep,  the  hub  3|  inches  thick,  the  distance  from  center  of  hub  to 
end  of  cam  19  inches.  The  cams,  being  made  of  car-wheel  iron, 
last  over  four  years.     From  ten  to  fifteen  a  year  are  required. 
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The  cam-shafts  are  of  tough  wrought-iron,  turned  down  in  a 
lathe.  They  have  one  longitudinal  key-seat.  The  keys  with  which 
the  cams  are  fastened  to  the  shaft  are  of  steel  and  are  hand-fitted. 
Wrought-iron  keys  lose  their  shape  too  quickly  and  machine-fitted 
keys  get  loose  very  easily;  a  great  disadvantage.  It  takes  ten  hours 
to  replace  a  broken  cam-shaft,  supposing  that  the  keys  have  been 
already  fitted.  This  ought  always  to  be  done,  as  the  fitting  of  each 
key -seat  takes  about  one  hour.  A  well-appointed  mill  always  has  on 
hand  several  cam-shafts,  with  the  necessary  cams  and  keys  ready  for 
use.  The  cam-shafts  of  the  Homestake  mills  were  formerly  made 
4|and  4|  in.  in  diameter  and  lasted  about  five  years.  Now  the  ten- 
dency is  to  make  them  stronger.  The  largest  in  use  at  present  are 
5f  in.  in  diameter,  and  good  for  ten  years.  The  distance  between 
centers  of  cam-shaft  and  stem  is  5J  in.  The  cam-shaft  of  the 
Caledonia  is  4{|-  in.  in  diameter  and  its  center  is  6 J  in.  distant 
from  the  center  of  the  stem. 

The  cam-shaft  pulleys,  at  the  ends  of  the  cam-shafts,  vary  slightly 
in  the  different  mills.  At  the  mills  of  the  Homestake  they  are  6 
ft.  and  7  ft.  5  in.,  at  the  Caledonia  mill  7  ft.  4  in.  in  diameter;  the 
face  is  usually  15  in.  wide.  The  pulleys  are  of  wood.  Iron  could 
not  stand  the  continuous  shocks  caused  by  the  dropping  of  the 
stamps,  and  would  also  be  too  heavy.  The  pulley  is  'built  on  a 
cast-iron  hub  with  flanges,  and  keyed  to  the  cam-shaft.  When  put 
in  place,  the  shaft  is  made  to  revolve  and  the  face  of  the  pulley 
turned  off  to  the  desired  form,  that  it  may  be  perfectly  true.  The 
cams  are  lubricated  with  axle-grease.  To  prevent  any  of  this  from 
dropping  on  the  apron-plates,  hindering  amalgamation,  a  curtain  is 
stretched  out  beneath  the  cams  to  catch  any  particles  of  grease  that 
these  may  throw  oft"  while  in  motion. 

Crushing -Capacity. — The  crushing  capacity  of  a  battery  depends 
on  the  efficiency  of  the  stamp  (that  is,  the  number  of  foot-pounds 
developed),  the  character  of  the  rock  under  treatment  and  the  dis- 
charging capacity  of  the  mortar  (that  is,  the  height  and  size  of  the 
discharge,  the  character  of  the  screen  and  the  width  of  the  mortar  at 
the  discharge).  The  Homestake  stamp  weighs  850  lbs.  and  drops 
9  in.  85  times  per  minute;  thus  it  develops  78,030,000  foot-pounds 
in  twenty-four  hours,  crushing  4J  tons  of  rock,  or  one  ton  for  every 
17,340,000  foot-pounds  developed.  The  Caledonia  stamp  weighs 
850  lbs.  and  drops  12  in.  74  times  per  minute,  developing  90,576,000 
foot-pounds  in  twenty-four  hours,  crushing  3.3  tons  of  rock,  or  one 
ton  for  every  27,447,272  foot-pounds  developed.     Thus,  although 
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the  efficiency  of  the  Caledonia  stamp  is  greater  tlian  that  of  the 
Honiestake,  it  crushes  less  ore.  There  are  several  reasons  for  this. 
First,  the  cliaracter  of  the  rock,  whicii  is  much  harder  than  that 
at  the  iromostake;  second,  the  width  of  the  mortar  at  the  dis- 
charge (1()  in.  against  13^  in.);  third,  the  2-in.  recess  for  the 
8-in.  amalgamated  copj)er  j>late  below  the  feetl,  which  is  absent  at 
the  Momestake  mortar.  From  the  lower  discharge  of  the  vCIale- 
donia  mortar  (6  in.  against  10  in.)  a  greater  crushing-capacity 
would  naturally  be  expected  than  from  the  Homestake  mortar. 
The  above  reasons  will  explain  why  this  fails.  The  smallness  of 
the  Caledonia  screen  (258  sq.  in.  against  376  sq.  in.)  may  be  as- 
sumed to  be  counterbalanced  by  its  character  (Caledonia  No.  24 
wire  against  Homestake  No.  7  slot,  which  corresponds  to  No.  30 
wire).  The  Caledonia  Co.  claims  that  more  gold  is  recovered  by  its 
slow  method  than  by  the  more  rapid  one  of  the  Homestake.  This 
point  could  only  be  definitely  settled  by  exact  tests. 

Apron-Plate,  Mercury  Traps,  Shiioe-Boxes. — In  order  to  save  the 
fine  particles  of  gold  that  have  not  been  caught  on  the  inside  copper 
plates  and  to  collect  any  amalgam  and  quicksilver  that  have  passed 
through  the  screens,  an  amalgamated  copper  plate,  the  apron-plate, 
is  placed  in  front  of  the  mortar.  The  motion  of  the  battery -water, 
caused  by  Ihe  dropping  of  the  stamps,  throws  with  the  drop  of  each 
stamp  some  pulp  against  and  through  the  screen.  This,  passing 
over  the  lip  of  the  mortar,  flows  in  small  waves  over  the  apron-plate. 
During  the  slight  interval  between  these  waves  any  heavy  particles 
of  the  pulp  (quicksilver,  amalgam  or  fine  gold)  passing  over  the 
amalgamated  plate  have  a  chance  to  settle  upon,  adhere  to  and  com- 
bine with  it.  The  plate  consists  of  one  sheet  of  copper,  nearly  as 
wide  as  the  discharge  of  the  mortar,  fastened  with  iron  screws  to  the 
inclined  wooden  table  beneath  it.  In  all  the  Homestake  mills  (ex- 
cept the  Dead  wood  and  Golden  Terra,  where  it  is  12  feet  long)  the 
copper  plate,  y\-in.  thick,  is  10  feet  long,  falls  2  in.  to  the  foot,  and 
discharges  into  a  copper-lined  trough,  leading  to  the  mercury-trap. 
The  apron-plates  of  the  Caledonia  are  8  ft.  long,  4^  ft.  wide,  and 
the  copper  is  |  in.  thick.  They  have  the  same  fall.  The  wooden 
table  extends  4  feet  beyond  the  end  of  the  copper  plate,  at  the  same 
time  narrowing  to  a  width  of  4  feet.  It  has  a  1-in.  rib  down  the 
center  and  is  overlaid  with  two  blankets,  5  ft.  wide  and  22  in.  long, 
.the  upper  overlapping  the  lower.  On  these  the  heavy  sands  collect. 
Each  is  washed  every  half  hour  in  a  tank.  These  blankets  last  six 
months.     Carpets  were  tried,  but  they  frayed  and  had  to  be  thrown 
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out  after  one  month.  The  pulp  from  the  blankets  flows  into  the 
mercury-traps,  one  being  placed  in  the  middle  of  the  discharge  for 
every  plate. 

The  plates  are  of  Lake  copper,  furnished  to  the  mills  ready  for 
use,  and  do  not  require  any  annealing  to  make  them  porous.  They 
have,  however,  to  be  flattened  with  wooden  mallets  to  make  them 
lie  smoothly  on  the  wooden  table  and  to  remove  any  inequalities  pro- 
duced during  transportation.  At  the  Homestake  mills  they  are  first 
scoured  with  sandpaper,  followed  by  emery  cloth  or  with  tailings 
and  a  wooden  block  4  inches  square,  or  with  a  grindstone,  until  the 
face  is  perfectly  bright.  If  necessary,  the  sand  is  moistened  with  a 
weak  solution  of  potassium  cyanide,  and  spots  are  often  removed 
with  dilute  nitric  acid.  The  surface  of  the  pure  metallic  copper  re- 
ceives a  solid  coat  of  potassium  cyanide,  which  is  applied  repeatedly 
as  a  strong  solution  by  means  of  a  soft  paint  brush.  After  two 
days  the  mercury  is  sprinkled  on  this  cyanide  coat  and  rubbed  into 
the  plate  with  a  moist  cloth  and  tailings.  When  the  plate  is  thor- 
oughly amalgamated,  it  is  put  into  place  and  is  ready  for  use.  More 
than  the  usual  amount  of  mercury  is  added  to  the  mortar,  that  the 
new  plate  may  become  normal.  This  takes  from  two  to  four  weeks, 
during  which  time  the  plates  are  continually  discolored  by  copper 
salts.  To  get  these  into  solution,  potassium  cyanide  or  ammonia  is 
added  to  the  battery-water.  At  the  Caledonia  mill  the  procedure  is 
similar,  only  more  care  is  taken  to  saturate  the  plate  with  mercury 
before  it  is  put  into  use.  Only  the  ordinary  quantity  of  quicksilver 
is  then  added  to  the  mortar  with  a  new  plate.  In  none  of  the  mills 
are  the  plates  coated  with  amalgam  before  they  are  put  to  use,  nor 
are  there  any  silver-plated  copper  plates  used  in  the  district. 

The  mercury-traps,  through  which  the  pulp  passes  on  leaving  the 
apron-plates,  save  amalgam  and  quicksilver  not  collected  on  the 
apron-plates.  There  are  additional  traps  at  the  termini  of  the  sluice- 
plates  outside.  At  the  Homestake  mills,  until  about  three  years 
ago,  the  pulp  flowed  from  the  apron-plates  directly  over  the  sluice- 
plates  into  the  waste  flume.  Then  the  traps  were  introduced.  How 
important  this  simple  contrivance  is,  can  be  seen  from  the  fact  that 
in  the  Homestake  80-stamp  mill  there  are  recovered  every  month, 
by  the  inside  traps,  80  oz.  of  amalgam  and  144  of  quicksilver;  by 
the  outside  traps,  from  10  to  12  oz.  of  amalgam  and  40  of  quick- 
silver. These  traps  are  emptied  only  once  a  month — on  the  fifteenth. 
If  they  were  emptied  twice  a  month,  on  clean-up  days,  a  still  better 
showing  could  perhaps  be  made.     At  the  Caledonia,  the  traps  are 
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emptied  daily,  wlien  the  ajiron-platcs  are  being  dressed  ;  this  is  done 
because  of  the  accumulation  of"  concentrates. 

At  the  Homestako  mills,  the  inside  trap  consists  of  a  wooden  box, 
with  copper-lined  bottom,  14  in.  long,  17  in.  wide  and  24  in.  deep. 
It  contains  three  sliding  wrought-iron  plates,  parallel  with  its  short 
sides.  These  are  placed  2.[  in.  apart,  the  center  one  extending  to 
tlie  bottom  of  the  box,  the  others  to  3  in.  above  it.  The  pulp 
flows  under  the  first,  over  the  middle  one,  and  again  undei  the 
third.  The  outside  traji  is  larger.  The  wooden  box  is  48  in. 
long,  14  in.  wide  and  48  in.  deep.  It  has  three  partitions,  set  lOJ 
in.  apart,  i-eaching  from  the  bottom  of  the  box  up  to  IJ,  3  and  4  in. 
below  the  level  of  the  inlet,  the  outlet  being  6  in.  below  this.  In 
the  middle,  between  two  wooden  partitions,  is  let  down  a  sliding 
wrought-iron  plate,  f-in.  thick,  reaching  to  3  in.  from  the  bottom  of 
the  box.  The  Caledonia  traps  arc  much  smaller,  since  there  is  one 
for  each  apron-plate. 

The  sluice-boxes,  receiving  the  pulp  from  the  inside  traps,  are 
simple  wooden  troughs  with  copper-lined  bottoms.  At  the  Home- 
stake  mills,  they  are  from  8  to  10  ft.  long,  18  in.  broad  and  have  a 
fall  of  1  in.  to  the  ft.  The  copper  used  is  ^  in.  thick.  At  the 
Caledonia  mill  they  are  8  ft.  long  and  only  8  in.  broad,  as  less  pulp 
passes  through  them.  The  main  sluice  into  which  they  discharge  is 
2  ft.  square. 

Steam- Stamps. — The  Homestake  Co.  has  just  erected  an  improved 
Ball  stamp.  This  is  a  new  experiment  in  gold-milling.  The  steam- 
stamp  is  successfully  used  for  crushing  native  copper-ores  at  Lake 
Superior,  and  sulphide  copper-ores  at  the  Anaconda  mine,  Montana. 
The  results  of  its  application  to  gold  ores  may  be  given  in  a  future 
paper. 

VI.  Labor  in  the  Mills. 

All  the  heads  of  the  different  departments  are  responsible  to 
the  superintendent.  The  mill  proper  is  in  charge  of  a*  foreman, 
thoroughly  acquainted  with  every  detail  of  work.  One  foreman 
often  has  the  general  charge  of  several  mills,  as  with  the  Home- 
stake  and  Deadwood  Terra  companies.  Next  comes  the  mill- 
wright, who  sometimes  has,  as  in  the  Homestake  mill,  an  assistant 
called  the  pipe-fitter.  The  millwright  combines  the  trades  of  car- 
penter and  machinist.  His  duty  is  to  make  the  guides,  put  thera 
in  place  and  keep  them  in  order;  to  exchange  cams  and  cam 
shafts,  fasten  any  cams  that  have  become  loose,  make  and  replace 
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screens,  make  and  repair  cluick-blocks,  to  reverse  and  exchange  shoes 
and  dies  of  crushers  and  to  look  after  all  the  piping  in  the  mill ;  in 
one  word,  to  erect  and  keep  in  order  every  part  of  the  mill  for 
which  any  mechanical  knowledge  is  required.  One  of  his  duties, 
for  example,  consists  in  lining  all  the  shaftings  and  in  babbitting  their 
boxes. 

In  this  connection  raiglit  be  mentioned  a  method  of  lining  shafts 
which  originated  with  Mr.  R.  Graham,  the  millwright  of  the  Home- 
stake  Company,  and  which  has  proved  to  be  quick  and  effective. 
When  a  shaft  is  to  be  lined,  the  boxes  are  placed  so  as  to  be  approxi- 
mately in  line.  The  lower  bearing,  which  is  to  receive  the  shaft,  is 
loosely  packed  with  clay  and  a  wooden  center  pressed  into  it.  This 
consists  of  a  semi-cylindrical  piece  of  dry  wood  having  the  same 
diameter  as  the  shaft  and  about  the  length  of  the  box.  The  wooden 
centers  of  two  or  more  boxes  are  now  carefully  lined  and  the  clay 
packed  tightly  around  them.  When  in  line  the  centers  are  removed, 
one  after  another,  and  the  clay  cut  out  crosswise  in  the  middle  of 
each  box.  The  center  is  then  replaced  and  the  hollow  space  filled  by 
pouring  in  babbitt.  The  center  and  remaining  clay  are  then  re- 
moved and  u[)on  the  ribs  of  babbitt  (in  the  middle  of  each  box)  is 
placed  the  shaft,  which  is  now  accurately  in  line.  Finally  the  space 
left  is  filled  with  babbitt.  In  this  way  the  shaft  can  be  quickly  and 
accurately  lined,  the  bearings  will  be  absolutely  true  and  the  lining 
from  I  to  I  inches  thicker  than  the  ordinary  J-inch  lining,  conse- 
quently the  shaft  itself  will  last  longer. 

After  the  millwright  comes  the  machinist.  The  Homestake  Com- 
pany having  a  large  shop,  all  repairs  are  made  there.  At  the  Cale- 
donia mill  the  foreman  is  also  a  machinist,  and  any  extensive  repairs 
are  made  by  the  Homestake  Company. 

As  the  mills  are  driven  by  steam,  each  one  has  two  engine-men, 
who  are  responsible  for  their  firemen.  To  guard  against  fire  or  any 
other  accident,  there  is  generally  a  night  watchman  for  every  mill. 
These  men  are  directly  responsible  to  the  foreman. 

The  man  who  has  immediate  charge  of  the  running  of  the  mill  is 
the  head  amalgamator.  He  also  stands  directly  under  the  foreman, 
and  is  responsible  for  his  assistants,  the  amalgamators,  crusher-men, 
oilers,  feeders  and  day-laborers,  if  there  are  any.  As,  in  addition  to 
running  the  mill,  he  has  charge  of  the  collecting  and  safe-keeping 
of  the  amalgam,  he  must  be  thoroughly  trustworthy  as  well  as 
capable. 

The  amalgamators  feed  quicksilver,  regulate  the  water-supply,  set 
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tappets,  renew  slioes,  dies,  screens  ami  cliiick-hlocks,  and  look  after 
the  running  of  the  battery  in  general.  Quicksilver  is  fed  by  hand 
every  half-liour  with  a  little  wooden  spoon,  similar  to  a  mustard 
spoon.  The  quantity  required  in  twenty-four  hours  ranges  from  ^ 
to  \  lb.  for  every  battery,  according  to  the  character  of  the  ore, 
which  varies  a  good  deal.  The  correct  amount  is  found  out  by  the 
'Meel  "  of  the  amalgam  collected  on  the  apron-jjlates.  It'  this  be 
hard  and  ciumbly,  there  is  danger  of  amalgam  being  carried  off  by 
the  pulp,  and  more  quicksilver  is  added.  On  the  other  hand,  if  too 
much  quicksilver  is  fed  into  the  mortar,  the  plates  become  too  soft 
and  slip))ery,  less  amalgam  collects  on  the  inner  plates,  and  there  is 
danger  of  liquid  amalgam  rolling  off  the  apron-plates.  Two  methods 
of  adding  quicksilver  are  in  use.  At  the  Homestake  mills,  all  the 
quicksilver  required  is  added  in  the  mortar,  and  the  amalgam 
obtained  is  of  medium  hardness.  At  the  Caledonia  mill  it  i^  the 
aim,  by  adding  only  part  of  the  quicksilver  in  the  mortar,  to  make 
the  amalgam  on  the  inside  plates  as  hard  as  may  be,  and  to  add  the 
rest  to  the  apron-plates,  keeping  these  somewliat  softer  than  those  of 
the  Homestake  mills.  Each  management  is  satisfied  with  its  own  way 
of  feeding  the  quicksilver,  and  it  would  be  difficult  to  decide  in  favor 
of  either  method.  Perhaps  the  fact  that  the  Caledonia  ore  has,  on 
the  whole,  coarser  gold  than  the  Homestake  ore,  may  explain  this 
difference  in  feeding. 

The  entire  loss  in  quicksilver  incurred  by  the  Homestake  manage- 
ment per  year  per  stamp  is  5.27  pounds,  or,  according  to  the  tons  of 
ore  milled  by  the  Homestake  and  Golden  Star  mills,  0.0044  pounds 
per  ton  of  rock  crushed.  The  entire  loss  incurred  by  the  Caledonia 
mill  is  7  pounds  per  year  per  stamp,  or  0.0011  pounds  per  ton  of 
rock  crushed.  Of  course,  with  the  hard  and  strongly-mineralized 
rock  the  Caledonia  mill  has  to  crush,  more  quicksilver  will  be 
floured  per  stamp  than  with  the  Homestake  rock  ;  and  on  account 
of  the  smaller  quantity  of  rock  crushed  per  stamp,  less  quicksilver 
is  consumed  per  ton. 

The  amount  of  water  required  will  vary  according  to  the  specific 
gravity  of  the  rock,  the  percentage  of  sulphurets  and  the  incline  of 
tlie  apron-plates.  An  excess  of  water  will  make  the  pulp  in  the 
mortar  too  thin  (thus  preventing  an  intimate  contact  of  gold  and 
quicksilver),  will  assist  coarse  crushing  and  will  hinder  the  settling 
of  amalgam  on  the  apron  plates.  Too  little  water  will  assist  amal- 
gamation, but  will  hinder  the  pulp  from  passing  the  screens  and 
will  not  carry  that  which  has  passed  through  them.     As  a  rule  it  is 
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better  to  use  too  little  water  than  an  excess.  The  right  amount  will 
just  carry  the  pulp  evenly  over  the  apron-plates.  The  Homestake 
mills  use  in  twenty-four  hours  1  inch  of  water  per  battery,  the  Cale- 
donia mill  IJ  inches. 

The  setting  of  tappets  is  necessary  that  the  stamps  may  always 
have  the  same  height  of  drop,  whether  the  shoes  and  dies  are  new  or 
somewhat  worn  down.  To  accomplish  this,  the  stamps  are  hung  up, 
the  mortar  opened,  the  stamps  then  lifted  up  by  means  of  an  iron 
bar,  used  as  a  lever,  and  a  block  of  wood,  1  inch  higher  than  the 
desired  drop,  placed  between  shoe  and  die.  The  tappet  is  then 
loosened,  allowed  to  fall  on  to  the  prop  and  again  keyed  fast.  As 
the  prop  and  the  block  of  wood,  placed  between  shoe  and  die,  are 
both  1  inch  higher  than  the  required  drop,  on  removing  the  blocks 
the  stamps  will  all  have  the  desired  uniform  height  of  drop,  while 
the  different  levels  at  which  the  tappets  are  keyed  to  the  stem,  will 
indicate  how  much  the  shoe  and  die  are  worn  down. 

The  crusher-men,  in  addition  to  looking  after  the  grizzlies,  break- 
ing the  coarse  rock  and  feeding  the  crushers,  have  to  watch  for  any 
pieces  of  wood  and  iron  found  amongst  the  ore,  take  it  out  and  throw 
it  aside.  This  is  the  only  way  in  which  the  amount  of  chips  of 
wood  entering  the  mortar  can  be  reduced  to  a  minimum.  All  small 
pieces  of  wood  that  pass  through  the  grizzlies  are  finally  found  in 
the  mortar,  where  they  are  periodically  removed  by  the  amalga- 
mators, if  not  previously  taken  out  by  the  ore-feedermen,  when  the 
ore  passes  from  the  trough  of  the  automatic  feeder  into  the  mortar. 

The  oilers  have  to  keep  all  wearing  iron  parts  of  the  mill  lubri- 
cated and  have  to  be  especially  careful  not  to  use  any  excess  of  grease 
at  parts  where  it  might  drop  into  the  mortar  or  upon  the  apron  plates. 

The  feeders  attend  exclusively  to  the  regular  and  uniform  feeding 
of  the  ore.    The  principle  followed  is  to  feed  "  low."    The  height  of 
ore  between  shoe  and  die  should  never  be  more  than  1  inch   and  as 
much  less  as  is  possible  without  the  stamp  beginning  to  j)ound,  or, « 
as  Mr.  Adams*- expresses  it,  "  let  iron  almost  wear  on  iron," 

One  or  two  day-laborers  are  generally  found  around  a  large  mill, 
because  there  is  apt  to  be  constant  need  of  extra  work  which  does 
not  fall  within  the  province  of  the  regular  hands. 

The  shifts  in  the  mills  are  changed  monthly.  Table  V.  shows 
the  amount  and  kind  of  labor  in  mills  of  60,  80,  100  and  120 
stamps : 

*  Trans.,  ii.  161. 
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From  the  foregoing  table  it  will  be  seen  that  the  Caledonia  mill 
employs  fewer  men  than  any  of  the  other  three  mills.  In  comj)aring 
the  80-  and  120-stamp  mills  of  the  Homestake  Company,  located 
next  to  each  other  and  working  on  the  same  ore,  we  see  that  only 
three  more  men  are  required  in  the  latter  than  in  the  former,  although 
the  product  is  half  as  much  again.  From  this  it  can  be  seen  that  a 
large  number  of  stamps  is  very  profitable,  as  greatly  increasing  pro- 
duction without  necessitating  commensurate  outlay  of  labor. 

Daily  Collecting  of  Amalgam  and  Dressing  of  Plates. — The  amal- 
gam which  has  collected  on  the  apron-plates  during  the  ])revious 
twenty-four  hours  is  removed  every  morning  when  the  day-shift 
begins.  At  the  Homestake  mills  the  head-amalgamator,  at  the 
Caledonia  the  day-amalgamator,  each  with  an  assistant,  has  charge 
of  the  operation.  Every  amalgamator  has  his  own  way  of  managing 
the  details  in  this  work,  although  the  general  outline  is  always  the 
same.  The  method  of  the  Golden  Star  mill  will  serve  for  illus- 
tration. 

When  the  plates  are  to  be  cleaned,  the  water-supply  of  the  one 


*  "With  the  20  additional  stamps  the  Caledonia  mill  will  require  only  1  extra 
man,  a  carman,  at  $2.50  per  shift,  to  transport  the  ore.  A  chute  from  the  main  ore 
bin  to  the  bin  of  these  new  stamps  would  not  have  enough  fall  for  the  ore  to  be 
diBcliarged  automatically. 
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battery  is  shut  off,  the  stamps  are  hung  up  and  the  splash-board 
removed  and  washed  at  the  head  of  the  apron  plate  with  water 
through  a  hose.  It  is  then  placed  at  the  lower  end  of  the  plate  and 
the  hose  is  turned  on  to  the  screen  and  apron  to  remove  all  the  sands 
that  have  collected  there.  The  plate,  if  normal,  is  now  clear  and 
bright,  except  for  occasional  spots,  so-called  blisters,  resulting  from 
iron  and  copper  salts.  These  are  removed  with  a  scraper  (a  blunt, 
double-edged  chisel).  Then  the  two  men  loosen  the  amalgam  with 
heavy  whisk-brushes,  beginning  at  the  top  and  working  downward. 
When  this  is  done  the  amalgam  is  swept  in  the  opposite  direction 
and  collected  at  the  head  of  the  apron.  There  it  is  brushed  into  the 
amalgam-scoop  with  a  rubber  scraper  (a  small,  sharp-edged  piece  of 
belting)  and  emptied  into  a  small  iron  receiver.  After  this  the  plates 
are  brightened  by  brushing  them  with  a  whisk-broom,  using  tailings 
moistened  with  a  dilute  solution  of  potassium  cyanide,  the  men  work- 
ing from  the  head  of  the  plate  downward.  If  necessary  a  little  quick- 
silver is  sprinkled  on  the  plate  from  a  bottle  over  the  neck  of  which 
a  piece  of  canvas  is  securely  tied.  After  being  brightened,  the  plates 
are  smoothed  with  soft  paint  brushes  passed  transversely  over  them, 
beginning  at  the  bottom.  This  finishes  the  operation,  which  requires 
four  hours  for  the  twenty-four  plates. 

The  amalgam  obtained  is  contaminated  with  impurities.  To 
remove  these  it  is  placed  in  a  Wedgewood  mortar  and  diluted  with 
quicksilver.  The  amalgamator  then  adds  water  and  works  the 
amalgam  to  bring  all  impurities  to  the  surface.  These  are  in  part 
washed  off  (the  sands)  with  a  hose,  in  part  removed  with  a  sponge 
or  wet  cloth  (the  base-metal  amalgam)  until  the  amalgam  is  per- 
fectly bright.  It  is  then  passed  through  a  small  strainer  and  the 
residual  pasty  amalgam  is  transferred  to  a  piece  of  linen,  where  the 
excess  of  quicksilver  is  pressed  out  by  wringing.  The  ball  of  hard 
amalgam  obtained  is  locked  up  in  a  safe  and  kept  until  the  next 
clean  up.  All  the  sands  are  returned  to  the  battery ;  the  waters  go 
to  waste,  and  the  quicksilver  goes  back  to  the  main  stock. 

The  Clean-up. — Twice  a  month  the  gold  amalgam  adhering  to  the 
inner  plates  is  removed,  when  the  necessary  repairs  in  the  mill  are 
also  made.  At  the  Caledonia  mill  the  operations  are  the  same  at 
the  first  and  fifteenth  of  the  month  and  similar  to  those  of  the  first 
of  the  month  at  the  Homestake  mills.  At  the  latter  the  clean-up 
in  the  middle  of  the  month  differs  from  that  at  the  beginning.  At 
the  first  of  the  month  the  entire  mortar  is  emptied,  and  shoes  and 
dies  are  changed,  if  necessary,  while  on  the  fifteenth  it  is  intended  to 
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remove  only  the  amalgam  from   the  inside  plates,  and  to  clean  up 
the  mercnrv- traps. 

At  the  Golden  Star  mill  the  clean-uj)  at  the  first  of  the  month  is 
carried  on  in  the  following  way  :  It  begins  at  seven  in  the  morning. 
The  feeding  of  the  battery  is  stopped  a  quarter  of  an  hour  before- 
han<l.  The  stamps  are  made  to  drop  slowly,  so  that  at  seven  o'clock 
no  more  ore  may  be  found  in  the  mortar  above  the  screen-frame. 
The  splash-boards  are  removed,  the  stamps  are  hung  up,  the  water 
is  shut  off  and  the  engine  is  stopped.  The  mortars  on  one  side  of 
the  mill  are  then  opened  by  removing  the  curtains,  screens  and 
chuck-blocks.  The  curtains  and  screens  are  first  roughly  washed 
by  ])layiiig  a  hose  over  them.  They  are  put  aside  to  be  more  care- 
fully cleaned  later  on.  The  six  chuck-blocks  from  the  batteries 
facing  that  side  of  the  mill  which  is  being  cleaned  up  are  placed  on 
two  apron-plates,  at  each  of  which  are  four  men  to  remove  the 
amalgam  under  the  supervision  of  the  head  amalgamator.  This  is 
done  by  scraping  the  plates  with  a  chisel,  when  the  hard  amalgam 
drops  ofiTon  the  apron  plate  beneath.  As  much  amalgam  is  removed 
as  is  possible  without  exposing  the  copper.  Then  quicksilver  is 
sprinkled  on  the  plate,  to  dilute  the  hard  amalgam  somewhat.  This 
is  then  divided  evenly  over  the  plate  and  brightened  by  scouring 
with  a  whisk-broom  and  tailings,  and  finally  smoothed  with  a  soft 
paint  brush.  The  amalgam  that  has  dropped  on  the  apron  plate 
from  the  three  chuck-blocks  is  collected  at  the  head  and  put  under 
lock  and  key  by  the  head  amalgamator.  Thus  the  chuck-blocks  of 
the  entire  mill  are  scraped  and  cleaned  in  four  sets  of  six  each.  In 
the  meantime  another  set  of  men  scrape  and  wash  the  rim  and  flanges 
of  the  mortar  and  collect  the  amalgam.  They  also  remove  the  plate 
amalgam  which  has  settled  during  the  past  twenty-four  hours.  This 
is  then  also  taken  in  charge  by  the  head  amalgamator.  The  dress- 
ing of  the  plates  does  not  take  j)lace  as  yet.  In  order  to  keep  them 
soft,  a  little  quicksilver  is  sprhdvled  over  them  and  evenly  distributed 
with  the  brush.  A  third  set  of  men  begin  with  the  work  on  the 
mortar  as  soon  as  the  amalgam  from  the  apron  plate  has  been  re- 
moved. Two  small  platforms  are  placed  at  its  head  on  the  wooden 
frame  for  the  men  to  stand  on.  They  then  remove  the  water,  still 
remaining  in  the  mortar,  and  shovel  out  the  sands  above  the  dies 
into  a  heap  on  the  apron  plate  (as  the  sands  consist  simply  of  coarse 
ore  and  do  not  contain  any  amalgam,  they  are  returned  to  the  battery 
after  the  dies  have  been  put  again  in  place).  Before  the  die  can  be 
taken  out  the  stamp  has  to  be  raised  higher.     Formerly  block  and 
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tackle  were  used  for  this  purpose.  Now  a  piece  of  timber  is  placed 
crosswise  on  the  rests  of  the  splash  board,  serving  as  a  fulcrum  for 
an  iron  bar  with  which  the  stamp  is  raised.  It  is  kept  in  this  posi- 
tion by  placing  a  4-inch  piece  of  wood  on  the  prop  of  the  stamp  and 
allowing  the  tappet  to  rest  on  it.  The  dies  are  pried  up  with  the 
iron  bar,  lifted  out  and  roughly  cleaned.  Those  which  are  to  be 
exchanged  are  taken  away  and  piled  up  to  be  carefully  scraped  and 
washed  in  due  time.  Those  that  are  still  good  (dies  last  six  weeks) 
are  returned  to  the  mortar  without  further  cleaning.  After  the  dies 
have  been  taken  out  the  remaining  sand  is  shovelled  out  and  piled 
up  in  a  convenient  place  in  the  mill  to  be  treated  separately  in  the 
rocker  and  the  pan  (see  later).  It  is  rich  in  amalgam  and  contains 
pieces  of  iron  that  have  accumulated  in  the  mortar.  Any  particles 
of  amalgam  that  have  adhered  to  the  rough  sides  of  the  mortar  are 
removed  and  added  to  the  sands.  The  dies  are  now  put  in  place 
again.  If  new  shoes  are  required  they  are  placed  on  top  of  the  dies, 
Avith  the  wooden  collar  slipped  over  the  shank.  Then  the  recesses 
for  the  chuck-block,  screen-frame,  etc.,  are  cleaned  by  directing  a 
hose  upon  them,  and  these  are  put  in  place,  the  screens  having  first 
been  cleaned  in  a  wooden  box  with  brush  and  water.  When  the 
chuck-block  is  in  place,  the  sands  first  removed  are  shovelled  in  to  fill 
the  bottom  of  the  mortar  up  to  the  top  of  the  dies.  The  drop  of  the 
stamp  has  now  to  be  regulated.  If  new  shoes  are  used,  the  wooden 
block,  1  inch  higher  than  the  drop,  is  placed  on  the  shoulder  of  the 
shoe  and  the  stamp  let  down  until  the  head  rests  on  the  block.  If 
the  shoe  has  not  been  replaced,  the  block  stands  upon  the  die.  In 
both  cases  the  keys  of  the  tappets  are  loosened,  these  are  allowed  to 
fall  on  to  the  prop  and  are  then  keyed  up  again.  The  apron-plates 
are  now  dressed  in  the  usual  way.  Any  amalgam  adhering  to  the 
small  sluices,  leading  to  the  mercury-traps,  and  to  the  sluice-boxes 
is  removed  and  these  are  brightened  in  the  same  manner  as  the  apron- 
plate.  When  the  engine  has  been  started  up,  the  stamps  that  have 
new  sho^s  are  first  allowed  to  drop  several  times  until  the  sound  and 
the  vibration,  felt  when  touching  the  tappet,  show  that  the  shoe  is 
thoroughly  fastened  to  the  head.  The  splash-boards  are  put  back 
in  place,  some  ore  is  fed  into  the  mortar,  the  water  is  turned  on  and 
the  stamps  of  one  battery  after  another  are  let  down  from  the  props. 
Special  care  has  to  be  taken  by  the  feeders  to  regulate  the  ore  supply, 
as  the  mortars  are  empty  above  the  dies  when  the  mill  starts  up. 

In  cleaning  up  a  mill,  all  the  hands  have  to  take  part,  the  night 
shift  working  six  hours  extra. 
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This  detailed  description  of  the  clean  up  of  a  120-stamp  mill  has 
been  given,  because  it  seemed  imj)ortant  to  show  how  it  is  possible 
to  accomplish  it  in  the  short  space  of  seven  hours  without  recjulring 
any  outside  help.  When  it  is  remembered  that  njore  than  a  day 
was  formerly  consumed  in  this  work,  it  will  be  seen  how  admirably 
the  operations  are  now  systematized  and  worked  one  into  another. 

When  the  clean-up  of  the  mill  is  over  and  the  stamps  are  once 
more  in  operation,  the  sands  that  were  shovelled  out  from  the  bottom 
of  the  mortar  have  to  be  worked  up  and  the  amalgam  has  to  be 
cleaned,  so  as  to  be  ready  for  the  retort.  Two  crusher-men  are  de- 
tailed to  clean  up  the  sands.  These  contain  bits  of  iron  that  have 
come  from  the  tools  used  in  the  mine  or  the  crushing  machinery  of 
the  mill,  and  also  pieces  of  amalgam.  The  sands  are  first 
treated  in  a  rocker.  Any  coarse  pieces  of  iron  are  picked  up  and 
collected  in  a  separate  heap.  When  the  sands  have  been  rocked  for 
a  little  while  and  the  hose  has  been  played  on  them,  the  residue  on 
the  hopper  is  broken  as  fine  as  possible  with  a  wooden  mallet.  The 
products  obtained  by  rocking  are  the  coarse  particles  remaining 
finally  in  the  hopper.  Th(}se  are  washed  in  a  coarse  screen  over  the 
clean-up  pan,  and  any  amalgam  remaining  on  the  screen  is  picked 
out  and  thrown  into  the  pan.  The  sands  go  back  to  the  battery. 
The  heavy  sands  that  collect  on  the  curtain  and  riffle  are  taken  up  in 
a  bucket  to  be  worked  in  the  pan.  Those  settling  in  the  sluice  which 
conducts  the  slimes  to  the  waste  flume  are  shovelled  out  and  returned 
to  the  battery. 

There  remains  the  purifying  of  the  amalgam  collected  from  the 
chuck-blocks,  a[)ron-plates,  sluices  leading  from  the  mercury  traps, 
mortars,  old  shoes,  dies  and  screens.  It  is  charged  with  water  into 
the  clean-up  pan  (5  ft.  in  diameter,  the  muller  making  30  revolutions 
per  minute)  and  from  600  to  700  ibs.  of  quicksilver  are  added.  It 
takes  about  three  hours  to  clean  in  the  pan  all  the  by-products  that 
contain  any  amalgam.  When  this  is  all  collected  and  t|je  water 
above  it  is  somewhat  clear,  the  muller  is  raised  with  block  and  tackle 
and  the  entire  contents  of  the  pan  are  emptied  through  the  lowest 
discharge-opening  into  a  square  box  which  overflows  into  the 
tailings-discharge  box.  The  muller  and  bottom  of  pan  are  cleaned 
with  brush  and  water.  The  liquid  amalgam  in  the  first  box  is  now 
freed  from  water  and  passed  through  a  strainer.  The  resulting  pasty 
amalgam  is  removed,  and  freed  from  the  excess  of  quicksilver  by 
wringing  it  in  canvas  bags  in  water.  The  balls  of  hard  amalgam 
remaining  in  the  bags  contain  about  38  per  cent,  of  gold.     The 
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quicksilver  collected  beneath  the  strainer  goes  back  to  the  main 
stock;  that  obtained  by  squeezing  the  pasty  amalgam  is  first  purified 
by  adding  some  nitric  acid,  stirring  it,  and  then  washing  it  with 
water. 

The  clean-up  on  the  fifteenth  of  the  month  is  much  simpler  than 
that  on  the  first,  as  only  the  chuck-blocks  are  taken  out  and  the 
mortar  is  left  intact,  except,  of  course,  when  any  break  has  occurred 
in  shoe  or  die.  On  the  fifteenth,  however,  the  mercury-traps  are 
cleaned.  Their  contents  go  simply  into  the  pan  and  are  worked  with 
the  rest  of  the  products  containing  amalgam.  This  clean-up  lasts 
five  hours — that  is,  two  hours  less  than  the  one  on  the  first  of  the 
month. 

The  cleaning  up  of  old  iron  and  wood  chips,  which  is  done  once 
a  year,  still  remains  to  be  mentioned  in  this  connection.  The  pieces 
of  iron  that  are  picked  out  from  the  sands  in  the  bottom  of  the 
mortar  are  first  scraped,  to  remove  any  amalgam  adhering  to  them. 
They  are  then  thrown  out  upon  an  enclosed  heap  in  the  yard  and  left 
there  to  be  corroded  by  atmospheric  action.  The  rusting  is  hastened 
by  adding  some  salt  to  the  heap  at  various  times.  Once  a  year,  the 
iron  that  has  entirely  fallen  to  pieces  is  charged  with  quicksilver  into 
the  pan  and  its  gold  extracted.  The  chips  of  wood,  which  float  on 
the  top  of  the  water  in  the  battery  and  often  clog  the  screens,  are 
repeatedly  removed  and  collected  in  a  box  in  one  of  the  window 
recesses.  They  are  then  emptied  on  a  heap  in  the  yanl,  and  once  a 
year  are  set  on  fire.  The  ashes  are  collected  and  amalgamated  in  the 
pan.  In  this  way  are  saved  every  year  from  16  to  18  pounds  of 
amalgam  from  the  two  mills  of  the  Homestake  Company  (200 
stamps). 

Retorting  and  Melting. — The  quicksilver  still  retained  by  the  hard 
amalgam  is  removed  by  retorting.  Both  bulb  retorts  and  cylindrical 
ones  are  used.  They  are  all  of  cast-iron.  The  cylindrical  retort 
of  the  Homestake  Company  is  12  in.  in  diameter  and  3  ft.  long,  and 
holds  about  1000  ibs.  of  amalgam.  The  usual  charge  of  500  Sbs.  is 
retorted  in  about  6  hours  with  ^  cord  of  wood.  The  loss  of  quick- 
silver is  nominal.  The  retort-metal  amounts  to  38  and  40  per  cent, 
of  the  original  charge.  At  the  Caledonia  mill  it  is  only  33  per  cent., 
less  care  being  taken  in  cleaning  the  amalgam  ;  and  at  the  Deadwood- 
Terra  mills  it  is  often  only  25  per  cent.,  by  reason  of  the  fine  condition 
of  the  gold,  which  requires  more  quicksilver  to  form  amalgam. 

The  retort-metal  is  now  melted  into  bars.  At  the  Homestake  mill, 
two  kinds  of  moulds  are  used,  the  1500-ounce  silver  mould,  5  by  5 
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by  IH  inches,  and  (lie  TOO-ounee  mould,  3j\  by  4  by  0^  inches.  The 
bars  are  cast  from  3  to  4  inches  thick  and  weigh  from  1000  to  1400 
ounces.  It  takes  about  four  hours  to  melt  four  1400-ounce  bars 
and  the  crucible  lasts  for  from  eight  to  twelve  charges. 

The  loss  in  melting  with  Homestake  retorted  bullion  is  only  1.5 
per  cent,  and  the  average  composition  of  the  bars  is  820  gold,  165 
silver,  15  base  metal.  The  loss  of  the  Caledonia  bullion  is  greater 
(7  per  cent.),  as  less  care  is  taken  in  cleaning  the  amalgam.  The 
average  composition  of  its  bullion  is  798  gold,  182  silver  and  20 
base  metal. 

The  bullion  is  sampled,  weighed,  assayed  and  shipped. 

VII.  Working-results. 

The  Homestake  and  Golden  Star  mills  together  produced,  accord- 
ing to  the  report  of  the  Homestake  Company,  from  June,  1887,  to 
June,  1888,  $895,822.37  worth  of  gold  from  243,355  tons  of  ore, 
which  corresponds  to  a  yield  in  free  gold  of  $3.68  per  ton.  It  is 
claimed  that  85  per  cent,  of  the  free  gold  is  saved.  According  to 
this  the  ore  would  run  in  free  gold  $4.33  per  ton.  The  total  value 
of  the  ore  varies  from  $5  to  $10  per  ton  ;  the  amount  of  concentrates 
does  not  exceed  3  per  cent.  Their  value,  as  shown  by  experiments 
in  the  pan,  is  $24  per  ton,  although  judging  from  the  average  assay 
of  the  tailings,  ($1.50  per  ton)  a  much  higher  figure  would  be  ex- 
pected. 

Two  sets  of  experiments  were  made  in  the  spring  of  1885  by  Dr. 
R.  Goering  on  the  Homestake  and  Golden  Star  tailings,  the  first  when 
the  mills  bad  no  mercury-traps,  the  second  after  these  were 
introduced.  Up  to  that  time  there  had  been  collected  by  means  of 
blankets  in  a  separate  building  (the  blanket  house)  1124  tons  of 
concentrates  which  assayed  $35.16  per  ton.  These,  panned  down, 
gave  20.5  per  cent  cleaner  concentrates,  assaying  $40.18  per  ton. 
When  amalgamated  in  the  pan  they  yielded  56.9  per  cent,  of  their 
total  value,  the  remaining  pure  pyrites  assaying  $17.08  per  ton. 
This  shows  that  the  gold  recovered  must  have  been  either  enclosed 
in  quartz  or  rusty,  or  that  amalgam  had  been  carried  off  with 
the  tailings  and  was  recovered  by  the  blankets.  AVhen  in  con- 
sequence of  these  tests  the  mercury  traps  were  introduced,  the 
loss  was  reduced.  The  concentrates  then  saved  assayed  $27.63 
per  ton.  They  gave  up  92  per  cent,  of  their  gold  in  the  pan,  but 
the  pure  pyrites  still  assayed  $12.26  per  ton,  showing  that  while 
the  loss  had  been  diminished,  it  had  not  been  stopped.     The  con- 
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centration  of  tailings  by  blankets,  being  too  expensive,  was 
given  up. 

From  the  other  mills  under  the  Horaestake  management  no  official 
reports  are  made  public ;  therefore  no  data  can  be  given.  It  may, 
however,  be  stated  that  the  tailings  from  Highland  ore  average  $1 
per  ton,  those  from  Dead  wood -Terra  ore  $0.50  per  ton,  and  seldom 
.exceed  $0.75.  It  would  be  interesting  to  find  how  small  the  amount 
of  concentrates  is  and  how  high  these  would  run. 

One  point  still  remains  to  be  considered  in  regard  to  working- 
results,  that  is  the  fineness  to  which  it  is  necessary  to  crush  the  ore. 
Dr.  R.  Goering  made  tests  to  find  a  relation  between  size  and  assay 
value  of  tailings.  Samples  were  taken  hourly  for  a  length  of  time 
and  the  sands  obtained  dried,  weighed  and  screened  through  diiferent 
sieves.     The  figures  are  given  below  : 

Table  VI. — Relation  between  Size  and  Assay-  Value. 


Per  cent. 

in 
weight. 

Passing 

through 

screens, 

Ko. 

Remain- 
ing on 
screens. 
No. 

Assay 

value 

per  ton. 

94.07 
2.53 
3.40 

50 
50 
40 

40 

$L25 
2.13 
2.76 

"They  show  that  the  loss  in  the  tailings  increases  rapidly,  if  the 
screens  are  allowed  to  remain  too  long  in  the  mortar.  This  is  still 
better  shown  by  another  series  of  experiments  (December,  1888)  on 
tailings,  running  $2  per  ton,  that  were  screened  through  a  No. 
30  mesh  sieve.  Of  these,  6  per  cent.,  that  did  not  pass  through  the 
screen,  assayed  as  high  as  $5.02  per  ton.  The  result  is,  as  has  been 
said  before,  that  the  heavy  Russia-iron  slot  screens  have  to  be  ex- 
changed every  fortnight. 

The  Caledonia  mill  crushed,  from  May,  1887,  to  May,  1888, 
73,425  tons  of  rock  and  produced  $295,816.25  worth  of  bullion, 
equalling  a  yield  of  $4.02  per  ton  in  free  gold.  Figures  corre- 
sponding to  those  given  in  the  Homestake  Company  could  not  be 
obtained.  It  may,  however,  be  stated  that  the  blanket  concentrates 
of  the  Caledonia,  amalgamated  raw  in  the  pan,  yield  a  product  of 
pure  pyrites,  assaying  $90  to  the  ton,  and  that  the  tailings  from 
the  blankets,  when  panned,  yield  ^concentrates  worth  from  $7  to 
$9  to  the  ton. 
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Tap.le  VII. —  Cost  of  Milling  in  1887-8  at  Homestake  and 
Golden  Star  3Iills. 


■     Items.! 

Homestake  Mill. 
(96,790  tons  treated.) 

Golden  Star  Mill. 
(14G,.'')65  tons  treated.) 

Amount 
expended. 

Cost  per 
ton. 

Amount 
expended. 

Cost  per 
ton. 

Labor 

$24,789.90 

1,263.71 

16,731.37 

26,773.50 

8,924  06 

1,052.69 

156.00 

1,001.25 

684.06 

$0.2561 
0.0130 
0.1729 
0.2766 
0.0922 
0.0109 
0.0016 
0.0103 
0.0070 

$31,338.60 

1,149.65 

25,097.10 

40,156.50 

17,884.96 

1,233.21 

214.50 

3,701.05 

799.16 

$0.2138 
0.0079 
0.1712 
0.2739 
0.1220 
0.0084 
0.0014 
0.0252 
0.0054 

Supplies 

Water 

Wood 

Machinery 

Oil ." 

Candles    

Quicksilver 

Lumber 

Total 

$81,376.54 

$0.8406 

$121,574.73 

$0.8292 

In  comparing  the  cost. of  milling  in  the  80-  and  120-stamp  mills, 
it  seems  strange  that  there  should  be  so  little  difference.  Special 
causes  must  have  affected  this  year's  work,  for  the  cost  per  ton  in 
1880*  was  $1.3018  and  $0.7770  respectively. 

The  cost  of  milling  at  the  Caledonia  mill  for  1887-88  was  $0.87 
per  ton,  ^  going  to  labor  and  -g  to  material.  This  is  a  low  figure,  if 
we  consider  that  the  mill  has  only  60  stamps  and  that  the  ore 
treated  is  very  hard  in  comparison  with  any  Homestake  rock. 

VIII.  Conclusions. 

Two  striking  features  are  presented  by  the  foregoing  review ;  the 
simplicity  and  effectiveness  of  the  methods  by  which  the  free  gold  is 
extracted ;  and  the  evident  waste  of  sulphurets  in  the  tailings. 
These  sulphurets  appear  according  to  the  figures  driven  above  (3  per 
cent.,  assaying  $24  per  ton)  to  be  quite  rich  enough  to  repay  working. 

A  simple  and  cheap  method  of  concentration,  for  the  large  quan- 
tities to  be  treated,  would  probably  be  as  follows :  The  pulp,  after 
passing  over  a  series  of  spitzlutten,  which  would  sort  out  the  coarse 
sands,  would  overflow  into  a  series  of  spitzkasten,  and  the  overflow 
of  these  would  be  waste.  The  coarse  sands,  sorted  out  by  the  spitz- 
lutten,  would  contain,  according  to  experiments  made  in  1885  on 
the  large  heap  of  concentrates,  free  gold,  which  would  be  recovered 
by  crushing  them  wet  in  rolls  or  a  Chilian   mill,  allowing  the  pulp 


*  Tenth  Census  of  the  United  States,  vol.  xiii.,  p.  280. 


i»r  the  Amcriraii  Inslitulp  of  >liiilnR  KiiRlnN»rK.-Vol.  XVli 


WtXTloNS    sMiiWINii    (t>N5<TKrCTU»N 


N     AND    AURANWKMWtTO    »»•    ««    •»i«lA»» 


ilOi'.'WAN. 


120  STAMP  MILL 

BUILT    BY 

FRASER  &  CHALMERS, 

CHICAGO,  ILL.,  U.  S.  A. 


•^U     MILL,     MCAI)     CITY,     DAKOTA. 


GOLD-MILLING    IN   THE    BLACK    HILLS.  541 

to  flow  over  amalgamated  ])lates,  and  then  pass  over  a  separate  series 
of  classifiers  or  else  go  back  to  the  main  system.  The  graded  pulp, 
obtained  by  the  different  spitzkasten,  would  be  separated  on  contin- 
uous round  tables,  into  pure  concentrates,  middlings  and  waste. 

The  middlings  would  be  worked  separately,  or  be  pumped  back  to 
the  main  system  of  spitzkasten.  The  cost  of  concentrating  the 
tailings  would  probably  not  exceed  $1  per  ton  of  sulphurets. 

The  method  of  working  these  concentrates  would  be  that  of  barrel- 
clilorination,  using  bleaching  powder  and  sulphuric  acid  to  generate 
the  chlorine.  In  a  paper  read  before  the  Institute  at  the  Buffalo 
meeting,  October,  1888,  Prof.  William  B.  Phillips  says  the  cost  of 
dead-roasting  on  a  12-ft.  revolving  hearth,  at  the  Phoenix  mines. 
North  Carolina,  is  $2.03  and  $2.18  per  ton.  A  combination  of  two 
systems  of  furnaces  would  probably  accomplish  this  dead-roasting  at 
a  proportionately  cheaper  rate  at  the  mills,  where  wood  is  |6  a  cord 
and  labor  $3  and  $3.50  a  day.  The  Spense  automatic  desulphurizing 
roaster  would  do  the  preliminary  roasting  cheaply,  and  the  revolving 
hearth  would  effectually  dead-roast  large  quantities  of  ore,  whose 
sulphur  had  been  nearly  all  eliminated.  Prof,  Phillips  further  gives 
the  cost  of  chlorinating  at  $2.66  per  ton  of  concentrates.  This  figure 
would  have  to  be  considerably  increased  for  the  Homestake  and  other 
mills.  The  total  cost  would  probably  be  not  over  $8  for  the  ton  of 
concentrates. 

In  closing  this  paper,  the  writer  desires  to  express  his  thanks  to 
the  management  of  the  Homestake  and  Caledonia  mills  for  their 
courtesy  in  allowing  him  the  run  of  the  works  and  to  Dr.  R,.  Goering 
for  his  valuable  assistance  in  obtaining  detailed  information.  Also 
to  Messrs.  R.  Graham  and  Chas.  Ruth,  for  their  uniform  kindness 
in  answering  questions. 

Discussion. 

AuGUSTE  Mathez,  of  Central  City,  Colorado  (communication 
to  the  Secretary) :  A  simple  and  cheap  method  of  concentration  is 
in  use  in  Gilpin  county,  Colorado,  where  the  battery-tailings  from 
the  copper-plates  are  run  over  Bertenshaw  and  McFarland  bump- 
ing-tables,  which  have  done  close  work.  The  ores  of  Gilpin 
county  are  chiefly  sulphurets  of  iron  and  copper  with  a  quartzose 
gangue.  On  this  class  of  ore  the  mills  crush  on  an  average  5  tons 
of  rock  per  battery  of  five  stamps  in  24  hours.  One  bumping-table 
is  able  to  handle  the  battery-tailings  from  10  stamps.     The  tables 
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can  be  put  up  (or  about  $250  eacli.     One  attendant  is  able  to  do  the 
work  on  five  tables. 

The  concentrates  are  sold  to  smelters,  $9  per  ton  being  deducted  for 
freight  and  treatment;  but  tlie  barrel -chlori nation  suggested  by  Mr. 
Ilofman  seems  ajiplicable  to  the  conditions  prevailing  in  Gilpin 
County,  a!id  if  so,  the  cost  per  ton  of  concentrates  could  probably 
be  reduced  to  $8,  or  less. 


THE  DETERMIXA  TWN  OF  SITACON  TN  FERR  0-  SILICOXS; 

ITS  OCCURRENCE  IN  ALUMINUM  AS  GRAPHL 

TOIDAL  SILICON;  AND  A  STUDY  OF  ITS 

REACTIONS  WITH  ALKALINE 

CARBONATES. 

BY  HENKY  J.   WILLIAMS,    ST.    LOUIS,  MO. 

(New  York  Meeting,  February,  18S9.) 

The  main  difficulty  in  the  determination  of  silicon  in  pig-irons 
containing  verv  high  percentages  of  that  element,  has  been  due  to 
their  almost  complete  insolubility  in  acids,  or  mixtures  of  acids.  The 
object  of  the  present  paper,  which  presents  no  new  principle,  is  to 
suggest  a  method  of  determination  which  has  repeatedly  given 
accurate  results,  and  which  obviates  completely  the  tedlousness  and 
uncertainty  of  the  usual  slow  solution  in  acids. 

This  method  has  been  tried  with  pig-irons  containing  from  7  to 
14  per  cent,  of  combined  silicon,  and  properly  called  ferro-sil icons. 
AV'hen  reduced  to  an  impalpable  powder  in  the  agate  mortar,  an 
11  per  cent,  ferro-silicon  was  found  to  resist  the  action  of  all  acids, 
or  mixtures  of  acids,  with  the  exception  of  sulphuric  acid  of  about 
1.25  specific  gravity.  But  the  action  of  this  acid,  even  during  long 
continued  heating,  was  very  slow,  72  hours  being  necessary  to  com- 
pletely dissolve  half  a  gramme  of  the  metal. 

The  c()mi)lete  decomposition  of  1  gramme  of  the  metal  may,  on 
the  otiier  hand,  readily  be  effected  in  a  few  minutes  by  fusion  with 
sodium  carbonate  in  a  covered  platinum  crucible  over  a  blast-lamp 
— the  idea  being  to  dissolve  the  silicon,  leaving  the  iron  in  condi- 
tion to  be  readily  attacked  by  acids.  The  silicon  dissolves  as 
soluble  sodium  silicate,  and  metallic  iron  remains  in  a  very  sjiongy 
and    finely  divided   condition.     The  addition  of  a  little  hot  water 
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and  strong  hydrochloric  acid  gives  a  perfectly  clear  solution,  show- 
ing the  complete  decomposition  of  the  ferro-silicon.  The  silica 
obtained  by  ignition,  after  the  usual  evaporation  to  dryness  in  a 
platinum  dish,  is  absolutely  snow-wiiite. 

Fifteen  or  twenty  minutes  over  tiie  blast-lamp  are  quite  sufficient 
to  effect  the  solution  of  the  silicon,  and  final  results  may  easily  be 
obtained  within  three  hours. 

The  following  analyses  show  some  results  actually  obtained  : 

Percentage  of  Silicon. 


Sample. 

I. 

II. 

III. 

No.  1,     . 

.     10.92 

11.01 

10.98 

No.  2,     . 

.     10.73 

10.75 

10.73 

No.  3,     . 

.       7.42 

7.48 

7.46 

No.  4,     . 

.     13.41 

13.37 

No.  5,     . 

.     13.77 

13.74 

No.  6,     . 

.     13.96 

14.01 

Some  curious  phenomena  occur  during  the  fusion,  which  seem 
worthy  of  note. 

As  soon  as  the  sodium  carbonate  is  thoroughly  melted  and  the 
heat  reaches  its  maximum,  the  action  is  very  violent,  and  bubbles 
of  gas  rise  to  the  surface  and  there  burst  into  flame.  The  gas  given 
off  is  carbonic  oxide.  Dr.  Thos.  M.  Drown  noticed  this  several 
years  ago,  while  making  some  experiments  of  a  similar  nature  with 
graphitic  pig-irons.  His  results  were  communicated  to  the  Insti- 
tute (J?'aris.,  vii.  146).  Others  also  have  mentioned  it.  My  experi- 
ments, however,  were  made  with  very  high  silicon  and  comparatively 
low  carbon,  and  seemed  to  give  the  same  results. 

Apparently  the  two  following  reactions  take  place: 

(1)  NapCO^  -f  C  =  Na,0  +  2CO. 

(2)  2  Na^OCOa  +  Si  =  Na^SiOs  +  Na,0  +  2C0. 

The  carbon  and  the  silicon  seem  to  exert  an  entirely  similar  re- 
ducing action,  for  every  molecule  of  sodium  carbonate  yields  to  them 
an  atom  of  oxygen  and  sets  free  a  molecule  of  carbonic  oxide  gas. 

While  endeavoring  to  prove  that  the  silicon  acts  exactly  like  the 
carbon  during  this  reduction,  I  vainly  sought  for  an  iron  entirely 
free  from  foreign  elements,  particularly  carbon,  but  containing  a 
considerable  amount  of  silicon.  Failing  in  this,  I  succeeded  in  find- 
ing the  desired  condition  realized  in  the  chemically  pure  aluminum 
of  trade,  M'hich,  in  spite  of  its  name,  rarely  contains  less  than  3  or 
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4  per  cent,  of  silicon.  But  a  large  part  of  tiie  silicon  in  aluminum 
seems  invariably  to  be  present  as  an  allotropic  nuxlification  of  tbat 
metalloid  which  crystallizes  in  fine  glistening  black  plates  resem- 
bling some  forms  of  graphite. 

This  is  evidently  the  graphitoidal  form  of  silicon  which  Deville 
has  mentioned  in  connection  with  aluminum,  but  which  has  not  yet 
been  isolated  or  found  to  exist  in  iron.  These  plates  are  insoluble 
in  the  mineral  acids  and  resist  their  oxidizing  action. 

The  determination  of  silicon  in  aluminum  by  the  usual  method — 
that  of  solution  in  acid  and  evaporation  to  dryness,  gives  results 
that  arc  necessarily  too  low,  as  the  bluish-black  residue  obtained 
after  ignition,  which  is  usually  weighed  as  silica,  consists  not  only 
of  silica  but  also  of  unoxidized  silicon  in  the  graphitoidal  condition. 
I  have  generally  found  the  results  obtained  in  this  way  to  be  about  30 
per  cent,  too  low,  while  the  metal  made  abroad,  which  contains,  it  is 
claimed,  96  per  cent,  of  aluminum,  really  carries  less  than  94  per  cent. 

In  order  to  secure  correct  results,  it  is  necessary  to  fuse  this  resi- 
due with  sodium  carbonate,  and  to  evaporate  the  hydrochloric  acid 
solution  of  the  fused  mass  once  more  to  dryness.  The  silica  ob- 
tained by  ignition  will  then  be  white  and  completely  oxidized. 

During  this  fusion,  carbonic  oxide  gas  is  abundantly  given  off, 
showing  that  the  sodium  carbonate  is  undergoing  decomposition, 
and  the  flames  that  have  already  been  mentioned  occur,  thus  prov- 
ing that  silicon  acts  precisely  like  carbon  in  setting  this  gas  free 
from  the  alkaline  carbonates. 

A  fusion  was  then  tried  with  a  wrought-iron  almost  free  from 
silicon  or  other  elements,  and  containing  no  carbon  whatever,  in 
order  to  ascertain  whether,  at  a  red  heat,  metallic  iron  would  decom- 
pose sodium  carbonate.  Two  grammes  of  coarse  drillings  were 
heated  for-  two  hours  in  a  platinum  crucible  with  10  grammes  of 
sodium  carbonate.  An  almost  imperceptible  action  was  noticed; 
but  it  soon  ceased,  and  gas  was  at  no  time  evolved  in  sufficient 
quantity  to  take  fire. 

Upon  examination,  the  silicon  in  the  borings,  which  had  been  origi- 
nally 0.18  per  cent.,  was  now  found  by  analysis  to  be  0.03  per  cent. 

Numerous  experiments  have  shown  that  the  removal  of  silicon 
from  a  ferro-silicon,  or  any  other  kind  of  iron  containing  it,  by  fusion 
with  an  alkaline  carbonate,  is  always  accompanied  by  an  evolution 
of  carbonic  oxide  gas,  and  that  the  removal  is  complete  as  soon  as 
this  evolution  of  gas  ceases.  It  seems,  therefore,  reasonable  to  as- 
cribe the  slight  action  just  mentioned  to  the  removal  of  the  silicon 
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from  the  wrought  iron,  which  was  shown  to  have  taken  place, 
further  action  ceasing  when  this  point  was  reached.  But  the  borings, 
which  had  been  bright  before  the  fusion,  were  now  found  to  be 
coal-black,  and  to  have  become  entirely  insoluble  in  dilute  or  strong 
nitric  acid,  even  upon  heating,  while  the  original  drillings  readily- 
dissolved  in  the  cold  acid.  Apparently,  the  removal  of  the  silicon 
was  accompanied  by  a  superficial  oxidation  of  the  borings,  for  a 
coating  of  oxides  of  iron  would  resist  the  action  of  nitric  acid.  A 
few  drops  of  hydrochloric  acid,  however,  were  sufficient  to  effect  a 
solution.  The  black  color  of  the  coating  and  the  conditions  under 
which  it  was  formed  give  some  indication  of  its  nature;  it  probably 
consists  of  a  mixture  of  the  protoxide  and  sesquioxide  of  iron;  in 
other  words,  of  the  magnetic  oxide,  FcgO^. 

Pure  metallic  iron  at  a  red  heat  may,  therefore,  be  said  to  have 
no  action  in  decomposing  sodium  carbonate.  Iron,  however,  which 
contains  either  carbon  or  silicon,  or  botli,  gives  off  carbonic  oxide 
gas  during  the  fusion  with  the  alkaline  carbonates,  and  this  burns 
to  carbonic  dioxide  as  soon  as  it  reaches  the  air.  Furthermore,  the 
giving  up  of  oxygen  to  the  carbon  and  silicon  is  not  confined  entirely 
to  those  elements,  for  the  superficial  oxidation  of  the  drillings  of 
wrought  iron  containing  a  little  silicon  indicates  very  plainly  that 
sodium  carl)onate  which  is  undergoing  decomposition  may  act  as 
an  oxidizer  for  iron  at  a  red  heat.  This  action  is  similar  to  that 
of  carbonic  dioxide  in  the  blast-furnace,  where,  under  certain  con- 
ditions, this  gas  is  an  oxidizer. 

Borax,  at  a  fusing  temperature,  was  found  capable  of  decompos- 
ing the  ferro-sil icons,  and  carbonic  oxide  was  evolved  during  the 
fusion  ;  but  in  the  determination  of  silicon,  sodium  carbonate  pos- 
sesses marked  advantages  over  it. 

The  decomposition  by  fusion  with  bisulphate  of  potassium,  how- 
ever, with  the  idea  of  leaving  the  silicon  insoluble,  gave  uncertain  re- 
sults and  was  frequently  incomj)lete. 

The  evolution  of  carbonic  oxide  from  the  decomposition  of  an 
alkaline  carbonate  during  its  fusion  with  a  ferro-sil  icon  does  not 
occur  if  an  oxidizing  agent,  such  as  potassium  nitrate,  is  present. 
Here,  as  both  the  silicon  and  the  carbon  find  in  the  nitre  plenty  of 
oxygen  with  which  to  combine,  it  is  not  necessary  for  them  to  reduce 
the  alkaline  carbonate  in  order  to  secure  it,  and  hence  there  is  no 
evolution  of  carbonic  oxide  gas,  nor  are  there  any  flames. 
VOL.  XVI  r. — 35 
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SOAPING  GEYSERS. 

BY   ARNOLD  HAGUE,   WASHINGTON,   D.  C. 

(New  York  Meeting,  February,  iaS9.) 

At  tlip  Buffalo  racetinoj,  Octol)er,  1888,  Dr.  Raymond  j)re9ente(l 
a  papor  entitled:  ''Soaping  Geysers"  (p.  449  of  the  present 
volume),  in  which  he  called  attention  to  the  use  of  soap  by  tourists 
to  cause  eruptions  of  several  of  the  well-known  geysers  in  the  Yel- 
lowstone Park.  Incorporated  in  this  paper  appears  a  communica- 
tion received  from  me,  written  from  camj)  in  the  Park,  in  reply 
to  some  incjuiries  on  the  subject.  Tiie  letter  discussed  somewhat 
briefly  the  means  employed  by  visitors  to  the  Park  to  hasten  the 
eruptions  from  hot  springs  and  reservoirs  of  hot  water,  which  re- 
main dormant  for  days,  or  even  weeks  or  months,  at  a  temperature 
near  the  boiling-point,  without  any  display  of  geyser-action.  As 
the  paper  has  called  forth  considerable  comment,  I  desire  to  eluci- 
date one  or  two  points  in  relation  to  the  temperature  of  the  springs, 
and  to  answer  some  inquiries  about  the  composition  of  the  thermal 
waters. 

In  the  summer  of  1885,  a  Chinaman,  employed  as  a  laundryman 
for  the  accommodation  of  the  tourists  at  the  Upper  Geyser  Basin, 
accidently  di,scovered,  much  to  his  amazement,  that  soap  thrown  into 
the  spring  from  which  he  was  accustomed  to  draw  his  supply  of 
water  produced  an  eruption  in  every  way  similar  to  the  actual  work- 
ings of  a  geyser.  Tourists  with  limited  time  at  their  command, 
who  had  travelled  thousands  of  miles  to  look  upon  the  wonders  of 
the  Yellowstone,  soon  fell  into  the  way  of  coaxing  the  laundryman's 
spring  into  action,  to  partly  compensate  them  for  their  sore  disap- 
pointment in  witnessing  only  the  periodical  eruptions  of  Old  Faithful. 
Successful  attempts  u])on  this  spring  soon  led  to  various  endeavors 
to  accelerate  action  in  the  dormant  and  more  famous  geysers.  In  a 
short  time,  so  popular  became  the  desire  to  stimulate  geysers  in  this 
way,  that  the  Park  authorities  were  compelled  to  enforce  rigidly  the 
rule  against  throwing  objects  of  any  kind  into  the  springs. 

In  connection  with  a  thorough  investigation  of  the  thermal  waters 
of  the  Yellowstone  Park  and  the  i)henomena  of  the  geysers,  I  under- 
took a  number  of  experiments  to  ascertain  the  action  of  soaj)  upon 
the  waters  and  to  determine,  if  possible,  those  physical  conditions 
of  various  pools  and  reservoirs  which  permitted  the  hastening  of  an 
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eruption  by  the  employment  of  any  artificial  methods.  This  inves- 
tigation, conducted  from  time  to  time,  as  opportunity  offered, 
throughout  the  field-season  of  1885,  included  experiments  upon  the 
geysers  and  hot  springs  of  the  Upper,  Lower  and  Xorris  geyser 
basins.  The  results  proved,  beyond  all  question,  that  geyser-action 
could  be  forced  in  a  number  of  ways,  but  most  conveniently  bv  the 
application  of  soap.  The  greater  part  of  the  more  powerful  gevsers 
undergo  no  perceptible  change  with  a  moderate  use  of  soap,  although 
several  of  them  may,  under  favorable  physical  conditions,  be  thrown 
at  times  into  violent  agitation.  In  most  of  the  experiments,  Lewis's 
concentrated  lye,  put  up  in  one-half  pound  cans  for  laundrv  pur- 
poses, was  employed.  Each  package  furnished  a  strong  alkali, 
equivalent  to  several  bars  of  soap.  In  this  form  alkali  is  more 
easily  handled  than  in  bars  of  soap,  more  esj)ecially  where  it  is  re- 
quired to  produce  a  viscous  fluid  in  the  larger  reservoirs;  and,  in 
conducting  a  series  of  experiments  for  comparative  purposes,  it 
seemed  best,  in  most  instances,  to  employ  the  same  agent  to  bring 
about  the  desired  results. 

Old  Faithful,  the  model  geyser  of  the  Park,  exhibits  such  marked 
regularity  in  its  workings  that  attempts  to  hasten  its  action  appear 
futile.  The  interval  between  eruptions  is  about  65  minutes,  and 
rarely  exceed  the  extreme  limits  of  57  and  72  minutes.  After  an 
eruption  of  Old  Faithful,  the  reservoir  fills  up  gradually;  the  water 
steadily  increases  in  temperature;  and  conditions  favorable  to 
another  eruption  are  produced  under  circumstances  precisely  similar 
to  those  which  have  brought  about  the  displays  for  the  past  eighteen 
years,  or  as  far  back  as  we  have  authentic  records.  The  few  experi- 
ments which  have  been  made  upon  Old  Faithful  are  insufficient  to 
afford  any  results  bearing  on  the  question  ;  but  it  seems  probable 
that  soon  after  the  water  attains  the  necessary  temperature  an  erup- 
tion takes  place. 

Of  all  the  powerful  geysers  in  the  Park,  the  Bee-Hive  offers  the 
most  favorable  conditions  for  producing  an  eruption  by  artificial 
means,  all  the  more  striking  because  the  natural  disi)Iays  are  so  fitful 
that  they  cannot  be  predicted  with  any  degree  of  certainty.  Obser- 
vations, extending  over  a  period  of  several  years,  have  failed  to  de- 
termine any  established  law  of  periodicity  for  the  Bee-Hive,  even 
for  three  or  four  consecutive  months;  although  they  indicate  that 
some  relationship  may  exist  between  its  display  and  those  of  the 
famous  Giantess.  Frequently  the  Bee-Hive  will  play  several  times 
a  day  and  then  become  dormant,  showing  no  signs  of  activity  for 
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weeks  nnd  nionths,  altliough  the  water  may  stand  above  the  boiling- 
point  the  <:;rcater  part  of  tiie  time.  The  name  Bee-Hive  was  sug- 
gested by  the  symmetry  of  the  cone  built  around  the  vent.  It  rises 
about  4  feet  above  the  sloping  mound  of  geyserite,  and,  in  cross- 
section,  measures  about  3  feet  at  the  top,  while  at  the  bottom  of 
the  cone  the  vent  is  less  than  10  inches  in  width.  From  the  top 
of  this  narrow  vent  it  is  only  possible  to  sink  a  weight  17  feet 
before  striking  a  projecting  ledge,  which  interferes  with  all  exami- 
nation of  the  ground  below.  The  constant  boiling  and  bubbling  of 
the  water,  the  irregularity  of  its  action,  and  the  convenient  location 
of  the  geyser,  within  an  easy  walk  from  the  hotel,  make  attempts  to 
accelerate  the  eruptions  of  the  Bee-Hive  most  attractive  to  tourists. 

In  most  instances  such  efforts  are  futile ;  yet  success  does  so  fre- 
quently reward  the  astonished  traveller  that,  unless  the  geyser  were 
carefully  watched  by  the  authorities,  attempts  would  be  made  daily 
throughout  the  season.  If  the  conditions  are  favorable  to  an  erup- 
tion, it  usually  takes  place  in  from  10  to  25  minutes  after  the  addi- 
tion of  laundry  soap  or  lye.  It  is  doubtful  if  more  than  two  eruptions 
of  the  Bee-Hive  have  ever  been  produced  on  the  same  day  by  artifi- 
cial means,  although  I  know  of  no  reason,  l)ased  upon  the  structure 
of  the  geyser,  why  more  displays  might  not  be  obtained;  for  the 
reservoir  and  vent  fill  up  with  boiling  water  very  rapidly  after  each 
eruption. 

Athough  the  Giantess  is  situated  only  400  feet  from  the  Bee-Hive, 
these  two  differ  in  surface  and  underground  structure,  and  mode  of 
action,  as  widely  as  any  two  of  the  more  prominent  geysers  of  the 
Park.  Around  the  Giantess  no  cone  or  mound  has  formed.  The 
broad  basin  is  only  partially  rimmed  in  by  a  narrow  fringe  of  sili- 
ceous sinter,  rising  above  and  extending  out  over  the  deep  blue  water. 
At  the  surface,  this  basin  measures  about  15  to  20  feet  In  width  by 
20  to  30  feet  in  length.  It  has  a  funnel-shaped  cauldron,  30  feet 
in  depth,  ending  in  a  vertical  vent  or  neck,  12  feet  deep,  through 
wiiich  a  sounding-lead  maybe  dropped  into  a  second  reservoir,  meet- 
ing a  projecting  ledge  or  obstruction  of  some  kind,  61  feet  below 
the  surface.  After  an  outburst  of  the  Giantess,  the  basin,  which 
has  been  completely  emptied  of  its  water,  gradually  fills  again  to  the 
top;  and,  for  days  before  another  eruption,  a  steady  stream  of  hot 
water  overflows  the  brim.  The  intervals  between  the  eruptions  of 
the  Giantess  vary  from  12  to  20  days,  and  the  displays  last  several 
hours,  being  unsurpassed  for  violence  and  grandeur  by  any  geyser 
ill  the  Upper  Basin.     Artificial  means  have  never  been  successful  in 
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bringing  this  geyser  into  action,  although,  for  days  before  an  erup- 
tion, it  is  an  easy  matter  to  cause  an  agitation  of  the  water  by  throw- 
ing into  the  basin  small  pieces  of  sinter,  or  to  produce  a  boiling  on 
the  surface,  lasting  several  minutes,  by  simply  stirring  the  water 
with  a  stick. 

The  Giant,  one  of  the  most  violent  of  the  geysers  in  the  Upper 
Basin,  more  closely  resembles  the  Bee-Hive  than  any  other  of  those 
along  the  Firehole  river.  It  has  built  up  a  cone  10  feet  in  height, 
one  side  of  which  has  been  partly  broken  down  by  some  eruption 
more  violent  than  any  witnessed  at  the  present  day.  Through  this 
notched  side,  steam  and  broken  jets  of  water  are  constantly  emitted, 
and  on  this  account  but  little  examination  has  been  made  of  the 
underground  reservoirs  and  vents.  The  Giant  is  fitful  in  its  action, 
at  times  playing  with  considerable  regularity  every  14  days,  and  at 
other  times  lying  dormant  for  nearly  a  year.  I  have  no  positive 
knowledge  that  an  eruption  of  the  Giant  has  ever  been  produced  by 
any  other  than  natural  causes.  At  the  time  of  my  experiments  no 
eruption  of  the  Giant  had  taken  place  for  several  months,  although 
the  water  was  constantly  agitated,  so  much  so  that  it  was  quite  im- 
possible to  examine  the  vent  with  any  satisfactory  results.  The 
only  effect  produced  by  the  application  of  lye  was  additional  height 
to  the  column  of  water  thrown  out  and  a  decided  increase  in  the 
thumping"and  violence  of  the  boiling. 

In  the  Lower  Basin,  the  Fountain  has  been  more  carefully  studied 
than  the  other  geysers;  and,  its  action  and  periodicity  of  eruptions 
having  been  fairly  well  ascertained,  it  afforded  the  most  favorable 
conditions  for  observing  the  action  of  soap  and  lye  upon  the  waters. 
lu  its  general  structure  the  Fountain  belongs  to  the  type  of  the 
Giantess,  having  a  funnel-shaped  cauldron  which,  long  before  an 
eruption,  overflows  into  an  adjoining  basin.  At  the  time  of  my  ex- 
periments upon  the  Fountain,  the  intervals  between  eruptions  lasted 
about  four  hours.  This  interval  allowed  sufficient  time  to  note  any 
changes  which  might  take  place.  My  own  experiments  with  lye 
yielded  no  positive  results  ;  although  it  seemed  highly  probable  that 
action  might  be  hastened  by  the  application  of  soap  or  lye  just  before 
the  time  for  an  eruption,  or. when,  for  some  cause,  the  eruption  was 
overdue.  I  preferred  to  make  the  attempt  to  bring  about  an  ex- 
plosion before  the  usual  time,  only  waiting  until  the  water  in  the 
pool  had  nearly  reached  the  boiling-point.  All  experiments  failed. 
The  previous  year,  when  wishing  to  produce  action  for  the  purpose 
of  photography,  I  was  enabled  to  accomplish  the  desired  result  by 
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vigorously  stining,  with  a  slctuler  pole,  the  water  near  the  top  of  the 
vent  connecting  with  the  lower  reservoir.  In  tin's  instance,  it  should 
be  said,  the  usual  interval  of  time  between  eruptions  had  long  since 
passed  ;  the  geyser  was,  so  far  as  time  was  concerned,  a  half-hour 
overdue.  My  opinion  now  is  that  the  experiments  with  lye  failed 
because  the  temperature  had  scarcely  reached  the  boiling-point. 

The  Monarch,  in  the  Norris  Basin,  is  quite  unlike  those  already 
described,  and  affords  evidence  of  being  a  much  newer  geyser.  It 
if«  formed  by  two  convergent  fissures,  on  the  line  of  a  narrow  seam  in 
the  rhyolite,  probably  coming  together  below  the  surface.  Tiie  main 
vent  measures  about  20  feet  in  length  and,  at  the  surface,  3  feet  in 
width.  But  slight  incrustation  is  found  around  the  vent,  the  con- 
ditions not  being  very  favorable  to  deposition.  In  this  narrow  fissure 
the  water,  which  ordinarily  stands  about  15  feet  below  the  surface, 
constantly  surges  and  boils,  excej^t  immediately  after  an  eruption. 
The  intervals  between  eruptions  vary  somewhat  from  year  to  year; 
but  at  the  time  of  these  experiments  the  action  was  fairly  regular, 
the  geyser  playing  every  four  hours.  I  was  successful  in  obtaining 
an  eruption  quite  equal  to  the  natural  displays,  which  throw  a  col- 
umn of  water  50  feet  into  the  air.  Here  at  the  Monarch  there  is  no 
surface  reservoir,  and  the  narrow  fissure,  filled  with  loose  blocks  of 
rocks  around  which  the  water  is  in  constant  agitation,  prevents  all 
measurements  of  depth. 

The  results  of  the  many  experiments,  not  only  upon  active  geysers, 
but  upon  a  large  number  of  hot  springs,  determine  fairly  well  the 
essential  conditions  which  render  it  possible  to  bring  about  geyser- 
action  by  artificial  means.  Negative  results  are  frequently  as  valu- 
able for  this  inquiry  as  experiments  yielding  imposing  displays. 

Outside  of  a  few  exceptional  instances,  which  could  not  be  re- 
peated, and  in  which  action  was  probably  only  anticipated  by  a  few 
minutes  in  time,  geyser  eruptions  produced  by  soap  or  alkali  appear 
to  demand  two  essential  requirements  :  First,  the  surface-cauldron 
or  reservoir  should  hold  but  a  small  amount  of  water,  exposing  only 
a  limited  area  to  the  atmosphere;  second,  the  water  should  stand  at 
or  above  the  boiling-point  of  water  for  the  altitude  of  the  geyser 
basin  above  sea-level.  The  principal  factor  which  makes  it  possible 
to  cause  an  eruption  artificially  is,  I  think,  the  superheated  and  un- 
stable condition  of  the  surface-waters.  Many  of  the  geysers  and 
hot  springs  present  the  singular  phenomena  of  pools  of  water  heated 
above  the  theoretical  boiling-point,  and,  unless  disturbed,  frequently 
remain  so  for  many  days  without  exhibiting  any  signs  of  ebullition. 
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It  may  not  be  easy  to  describe  accurately  these  superheated  waters  ; 
but  any  one  who  has  studied  the  hot  springs  and  pools  in  the  Park 
and  carefully  noted  the  temperatures,  quickly  learns  to  recognize  the 
peculiar  appearance  of  these  basins  when  heated  above  the  boilitig- 
point.  They  look  as  if  they  were  "ready  to  boil,"  except  that  the 
surface  remains  placid,  only  interrupted  by  numerous  steam-bubbles, 
rising  through  the  water  from  below  and  bursting  Cjuletly  upon 
reaching  the  surface. 

Marcet,  the  French  physicist,  has  specially  investigated  the  phe- 
nomena of  superheated  waters,  and  has  succeeded  in  attaining  a 
temperature  of  105°  C.  before  ebullition.  Superheated  waters  in 
nature,  however,  appear  to  have  been  scarcely  recognized,  except 
during  the  progress  of  the  work  in  the  Yellowstone  Park,  in  connec- 
tion with  a  study  of  the  geysers.  The  altitudes  of  the  geyser  basins 
above  sea-level  have  been  ascertained  by  long  series  of  barometric 
readings,  continued  through  several  seasons.  In  conducting  a  series 
of  observations  upon  the  boiling-points  of  the  thermal  waters  in  the 
Park,  Dr.  William  Hallock,  who  had  charge  of  this  special  investi- 
gation, determined  the  theoretical  boiling-point  by  noting  the  mean 
daily  readings  of  the  mercurial  column.  The  exact  boiling-point 
of  a  pure  surface-water,  obtained  from  a  neighboring  mountain  stream 
and  the  boiling-point  of  the  thermal  waters  from  the  s})rings,  were 
determined  from  actual  experiments  by  heating  over  a  fire,  employ- 
ing every  possible  precaution  to  avoid  sources  of  error.  Surface- 
waters  and  deep-seated  mineral  waters  gave  the  same  results,  and 
coincided  with  the  calculated  boiling-point  at  this  altitude.  Hun- 
dreds of  observations  have  been  carefully  taken  where  the  waters  in 
the  active  and  running  springs  boiled  at  temperatures  between  198° 
and  199°  Fahr. 

As  will  be  shown  later  in  this  paper,  the  thermal  waters  are  solu- 
tions of  mineral  matter  too  dilute  to  be  affected  to  any  appreciable 
extent  as  regards  their  boiling-point  by  their  dissolved  contents.  The 
theoretical  boiling-point  for  the  springs  and  pools  in  the  Upper 
Geyser  Basin  may  be  taken  at  92.5°  C.  (198.5  Fahr.).  In  many  of 
the  large  cauldrons,  where  the  water  remains  quiet,  a  temperature 
has  been  recorded  of  94°  C.  (201.2°  Fahr.)  without  the  usual  phe- 
nomena of  boiling.  This  gives  a  body  of  superheated  water,  with 
a  temperature  at  the  surface  1.5°  C.  (2.7°  Fahr.)  above  the  point 
necessary  to  produce  explosive  action.  Thermometers  plunged  into 
the  basins  show  slightly  varying  temperatures,  dependent  upon  their 
position  in  the  basin.     They  indicate  the  existence  of  numerous 
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currents,  niul  a  very  unstaMe  equilibrium  of  tlie  heated  waters, 
which  are  liable,  under  sliijht  changes,  to  burst  forth  with  more  or 
less  violence.  It  is  under  these  conditions  that  geyser-action  can  be 
accelerated  by  artificial  means.  If  into  one  of  these  suj>erheated 
basins  a  handful  of  sinter  jx'l)l)lcs  be  thrown,  or  the  surface  of  the 
water  be  ngitated  by  the  rapid  motion  of  a  stick  or  cane,  or  even  by 
lashing  with  a  rope,  a  liberation  of  steam  ensues.  This  is  liable  to 
be  followed  by  a  long  b(Mling  of  the  water  in  the  pool,  which  in  turn 
may  lead  to  geyser-action.  There  is  some  reason  to  believe  that, 
at  least  In  one  instance,  an  eruption  has  been  brought  about  by  a 
violent  but  temporary  gust  of  wind,  which  either  ruffled  the  water 
or  disturbed  the  equilibrium  of  the  pool,  and  changed  momentarily 
the  atmosj)herlc  pressure. 

In  Iceland  travellers  have  long  been  accustomed  to  throw  into  the 
geysers  turf  and  soft  earth  from  the  bogs  and  meadows  which  abound 
in  the  neighborhood,  the  effect  produced  being  much  the  same  as 
that  of  sinter  pebbles  and  gravel  upon  the  geysers  in  the  National 
Park.  So  well  was  this  understood  that  at  one  time  a  peasant  living 
near  the  Iceland  locality  kept  a  shovel  solely  for  the  accommodation 
of  those  visiting  the  geysers. 

In  my  letter  to  Dr.  Raymond  I  mention  the  curious  fact  that  the 
laundryman's  spring,  now  known  as  the  Chinaman,  in  which  geyser- 
action  may  most  easily  be  produced  by  artificial  means,  has  never 
been  regarded  by  the  Geological  Survey  as  anything  but  a  hot  spring, 
and  no  one  has  ever  seen  it  in  action  without  the  application  of  soap, 
except  in  one  instance,  when  it  was  made  to  play  to  a  height  of 
twenty  feet  after  stirring  it  vigorously  with  a  pine  bough  for  nearly 
ten  minutes.     In  our  records  it  is  simply  known  as  a  spring. 

If  soap  or  lye  is  thrown  into  most  of  the  small  pools,  a  viscous 
fluid  is  formed ;  and  viscosity  is,  I  think,  the  principal  cause  in  has- 
tening geyser-action.  Viscosity  must  tend  to  the  retention  of  steam 
within  the  basin,  and,  as  in  the  case  of  the  superheated  waters, 
where  the  temperature  stands  at  or  above  the  boiling-point,  explo- 
sive liberation  must  follow.  All  alkaline  solutions,  whether  in  the 
laboratory  or  in  nature,  exhibit,  by  reason  of  this  viscosity,  a  ten- 
dency to  bump  and  boil  irregularly.  Viscosity  in  these  hot  springs 
must  also  tend  to  the  formation  of  bubbles  and  foam  when  the  steam 
rises  to  the  surface,  and  this  in  turn  aids  to  bring  about  the  explo- 
sive action,  followed  by  a  relief  of  pressure,  and  thus  to  hasteu  the 
final  and  more  powerful  display.  Of  course  relief  of  pressure  of 
the  superincumbent  waters  upon  the  column  of  water  below  the  sur- 
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face  basin  is  essential  to  all  eruptive  action.  These  conditions,  it 
seems  to  me,  are  purely  physical.  Undoubtedly  the  fatty  substances 
contained  in  soap  aid  the  alkali  in  rendering  the  water  viscous.  On 
the  other  hand,  when  concentrated  lye  is  used  it  acts  with  greater 
energy,  and  furnishes  a  viscous  fluid  where  soap  would  yield  only 
surface  suds,  insufficieut  to  accomplish  any  phenomenal  display. 

It  is  well  known  that  saturated  solutions  of  mineral  substances 
raise  the  boiling-point  very  considerably,  the  temperature  having 
been  determined  for  many  of  the  alkaline  salts.  In  general,  I  be- 
lieve the  boiling-point  increases  in  proportion  to  the  amount  of  salt 
held  in  solution.  Actual  tests  have  shown  that  the  normal  boiling- 
point  of  siliceous  waters  in  the  Park  doesnot  differ  appreciably  from 
the  ordinary  surface-waters,  mainly,  I  suppose,  because  they  are 
extremely  dilute  solutions. 

The  amount  of  lye  required  to  produce  a  sufficiently  viscous  con- 
dition of  the  waters  increases  but  slightly  the  percentage  of  mineral 
matter  held  in  solution. 

All  the  waters  of  the  principal  geyser-basins  present  the  closest 
resemblance  in  chemical  composition,  and,  for  the  purposes  of  this 
paper,  may  be  considered  as  identical  in  their  constituents.  They 
have  a  common  origin,  being,  for  the  most  part,  surface-waters  which 
have  percolated  downward  for  a  sufficient  distance  to  come  in  con- 
tact with  large  volumes  of  steam  ascending  from  still  greater  depths. 
The  mineral  contents  of  the  hot  springs  are  mainly  derived  from  the 
acid  lavas  of  the  Park  plateau,  as  the  result  of  the  action  of  the 
ascending  steam  and  superheated  waters  upon  the  rocks  below. 
These  thermal  waters  are  essentially  siliceous  alkaline  waters,  car- 
rying the  same  constituents  in  somewhat  varying  quantities,  but 
always  dilute  solutions,  never  exceeding  two  grammes  of  mineral 
matter  per  kilogramme  of  water.  When  cold  they  are  potable  waters, 
for  the  most  part  slightly  alkaline  to  the  taste,  and  probably  whole- 
some enough,  unless  taken  daily  for  a  long  period  of  time. 

The  following  analyses  of  three  geyser-waters,  selected  from  the 
Upper,  Lower,  and  Norris  geyser  basins,  may  serve  to  show  the 
composition  of  all  of  them,  the  differences  which  exist  being 
equally  well  marked  in  the  analyses  of  any  two  waters  from  the  same 
geyser- basin. 
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Bee-hive  Geyseu. 

Fountain  Geyser. 

Fearless  Geyser, 

Grammes 
per  kilo, 
of  water. 

Percent,  of 
total  mattor, 
in  solutiun. 

Grammes 
per  kilo, 
of  water. 

rer  cent,  of 
total  matter 
in  solution. 

Grammes 
per  kilo, 
of  water. 

I'er  cent,  of 
total  matter 
in  .solution. 

Silica 

0.3042 
0.0271 
0.0920 

25.12 
2.24 

7.60 

0.3315 

0.0195 

0.2307 

0.00004 

0.0138 

0.0027 

0.3337 

0.0004 

23.69 
1.39 

1048 

0.4180 
0.0367 
0.0046 

25.60 
2.25 

0.28 

Sidphiiric  acid  ... 

Carbonic  acid 

Pliosphoric  acid.. 

Boracic  acid 

Arsenioiis  acid  ... 
Chlorine 

0.0145 
0.0011 
0  3894 
Trace 

1.20 

0.09 

32.15 

0.99 

0.19 

23.84 

0.03 

0.0223 
:  0.0022 

0.6705 
1  0.0026 

1.36 

0.14 

41.06 

0.16 

Bromine 

Iodine 

Fluorine ' 

1 

Hvdr.  siilph         .'• 

Trace 

0.0654 
0.0002 
Trace 
0.0057 
0.0014 
0.0010 
0:0379 
0.3522 
0  0035 
0.00015 

Trace 

'  0.0113 

0.0006 

6.70 

0.04 

Oxygen  (basic)... 
Iron 

(f0364 
Trace 

3.00 

4.67 
0.01 

Aliiininiiitn 

Calcium 

0.0029 
0.0039 
0.0002 
0.0213 
0.3118 
0.0061 
0.00021 

0.24 
0.32 
0.02 
176 
25.74 
0.50 
0.02 

0.41 
0.10 
0.07 
2.71 
25.16 
0.25 
0.01 

0.0002 
0.0092 
0.0001 
0.0415 
0.4046 
0.0081 
0.00025 
Trace 
Trace 

0.01 
0.56 
0.01 
2.54 
24.77 
0.50 
0.02 

Maf^ncsium 

Po  ta.ss  i  u  m 

Sodium 

Lithium 

Ammonium 

1.21111 

100.00 

1.39979 

100.00 

1.63275 

100.00 

Bee-Hive  Geyser,  Upper  Geyser  Basin;  date  of  collection,  September  1,  1884 
temperature,  199.4°  Fahr. ;  reaction,  alkaline;  specific  gravity,  1.0009. 

Fountain  Gey.ser,  Lower  Geyser  Basin  ;  date  of  collection,  August  24,  1884 
temperature,  179.6°  Fahr.;  reaction,  alkaline;  specific  gravity,  I.OOIO. 

Fearless  Geyser,  Norris  Geyser  Basin  ;  date  of  collection,  August  18,  1884 
temperature,  190.4°  Fahr. ;  reaction  neutral ;  specific  gravity,  1.0011. 

The  differences  of  temperature  shown  in  these  three  waters  are 
simply  clue  to  the  varying  interval  between  the  time  of  collection 
and  the  last  preceding  eruption  of  the  geyser.  In  the  ca.se  of  the 
Fountain,  the  water  rises  in  a  large  open  basin,  which  slowly  fills 
up,  increasing  in  temperature  until  the  time  of  the  eruption,  the 
form  of  tlie  basin  permitting  the  collection  of  the  water  two  or  three 
hours  before  the  next  outburst.  In  the  case  of  the  Fearless  the  sur- 
face-reservoir is  a  shallow  saucer-shaped  basin,  into  which  the  water 
seldom  rises  before  attaining  a  temperature  near  the  boiling-point. 
At  the  Bee-Hive  the  water  only  reaches  a  sufficiently  high  level  to 
permit  of  its  collection  without  difficulty  when  the  temperature 
stands  at  or  near  the  boiling-point. 

Dr.  Raymond  has  made  the  suggestion  that  the  addition  of  caustic 
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alkali  would  possibly  precipitate  some  of  the  mineral  ingredients 
found  in  these  waters,  thereby  changing  their  chemical  composition 
sufficiently  to  affect  the  point  of  ebullition.  At  the  same  time  he 
remarks  that  the  geyser-waters  are  probably  too  dilute  solutions  to 
be  much  influenced  by  such  additions.  Any  one  who  glances  at  the 
analyses  of  the  waters  of  the  Bee-Hive,  Fountain,  and  Fearless  must 
see,  I  think,  that  they  are  not  only  too  dilute  to  undergo  any  marked 
change  of  temperature,  but  that  the  mineral  constituents  consist 
mainly  of  the  carbonates  and  chlorides  of  the  alkalies,  associated 
with  a  relatively  large  amount  of  free  silica  which  would  remain 
unacted  upon  by  caustic  alkali.  There  is  nothing  in  the  waters  to 
be  thrown  down  by  the  addition  of  alkali  or  permit  any  chemical 
combinations  to  be  formed  by  the  addition  of  a  small  amount  of 
soap.  The  desire  of  tourists  to  " soap  a  geyser"  during  their  trip 
through  the  Park  grows  annually  with  the  increase  of  travel,  so 
much  so  that  there  is  a  steady  demand  for  the  toilet-soap  of  the 
hotels.  If  visitors  could  have  their  way,  the  beautiful  blue  springs 
and  basins  of  the  geysers  would  be  "  in  the  suds "  constantly 
throughout  the  season.  Throwing  anything  into  the  hot  springs  is 
now  prohibited  by  the  government  authorities.  It  is  certainly  det- 
rimental to  the  preservation  of  the  geysers,  and  the  practice  cannot 
be  too  strongly  condemned  by  all  interested  in  the  National  Reser- 
vation. 
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POWER. 

BY  BICHAED  P.  ROTHWELL,   NEW  YORK:  CITY. 

(Buffalo  Meeting,  October,  1888.) 

At  the  Boston  Meeting  of  the  American  Institute  of  Mining  En- 
gineers in  February  last,  Mr.  George  W.  Mansfield  read  an  inter- 
esting paper  on  "  The  Electric  Motor  in  Mining  Operations,"  and 
he  entered  into  the  calculations  of  power  required  and  cost  of  trans- 
mitting energy  in  great  or  small  quantities  to  a  considerable  dis- 
tance. I  do  not  intend  to  go  over  this  ground,  or  to  enter  into 
any  discussion  of  the  technical  details  of  transmitting  power  by  elec- 
tricity, but  merely  to  set  up  a  milestone  on  the  road  of  progress  to 
show  where  we  now  are,  how  far  we  have  come,  and  if  possible 
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oiuloavor  to  make  out  the  way  for  a  short  distance  in  advance  of  us. 
I  sliall  merely  alhule  to  what  has  been  done  and  what  is  ])cing  done 
in  a  few  cases  of  interest  to  the  mininpf  j^rofossion. 

The  fii"st  case  witli  wliicli  T  am  acf|nainted  of  the  electric  trans- 
mission of  energy  for  mining  jMirposcs  was  at  a  stamp-mill  in 
New  Zealand,  and  was  descril)ed  in  the  Unglneerwg  and  Mining 
Journal  and  other  papers  a  few  years  ago.  Since  then  this  means  of 
transmitting  power  has  been  much  discussed,  and  some  practical 
applications  of  it  have  been  made.  The  fact  of  the  transmission  of 
vast  amounts  of  energy  to  great  distances  over  a  slender  thread  of 
raetal  is  still  a  marvel,  interesting  to  every  observer,  expert  or  non- 
expert. It  seems  but  yesterday  that  the  first  long-distances  trans- 
mission from  Creil  to  Paris  was  made  as  an  experiment. 

The  vast  extension  of  the  system  was  at  once  suggested,  but  so 
long  as  the  handling  of  high  potential  currents  was  deemed  very 
hazardous,  the  size  of  conductors  using  low  potentials  made  the  cost 
of  the  copper  almost  prohibitory  for  far  transmission. 

Mr.  Mansfield  pointed  out  the  well-known  fact  that  the  size  or 
cost  of  conductors  decreases  as  the  square  of  the  potential  increases; 
but  even  so  short  a  time  ago  as  in  February  last  he  confined  his 
calculations  for  the  cost  of  transmitting  energy  to  the  use  of  560 
volt  pressures,  and  "placed  the  limit  at  4000  volts."  Moreover  the 
cost  which  Mr.  Mansfield  gave  for  a  plant  of  given  capacity  was 
much  higher  than  some  of  the  manufacturers  have  since  been  con- 
tracting at  and  there  can  be  little  doubt  that  within  a  year  even  the 
present  cost  will  be  much  reduced. 

From  information  furnished  me  by  some  of  our  best  manufac- 
turers of  electric  plants,  I  am  able  to  cite  some  general  figures  for 
the  cost  of  an  electric  plant  for  the  transmission  of  power  up  to  ten 
miles.  The  figures  are  calculated  on  the  basis  of  100  horse-power 
units :  the  engines  or  turbines  costing  about  $40  per  horse-power ; 
dynamos,  $30  per  horse-power  ;  motors,  $40  per  horse-power,  and 
using  a  current  of  1000  volts. 

For  one  mile  distance  an  efficiency  of  about  80  per  cent,  will  be 
guaranteed,  and  the  cost  per  horse-power  of  the  electric  plant  will 
be  from  $80  to  $85,  and  the  total  cost  per  horse-power,  including 
motive  power,  either  steam-engine  or  turbine,  will  be  from  $120  to 
$130. 

For  transmission  over  five  miles  an  efficiency  of  nearly  70  per 
per  cent,  will  be  guaranteed,  and  the  cost  of  electric  ])lant  will  be 
about  $135  per  horse-power,  and  the  total  cost,  say,  $190  per  horse- 
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power.  For  a  distance  of  10  miles  the  efficiency  of  50  per  cent, 
to  55  per  cent,  will  be  guaranteed,  and  the  cost  of  electric  plant 
will  amount  to  from  $200  to  §210  per  horse-power,  and  the  total 
cost,  including  turbine  and  line,  say,  from  $280  to  $290  per  horse- 
power. 

These  approximate  figures  will  give  an  idea  of  what  responsible 
contractors  will  guarantee  now,  and  thus  show  the  present  status  of 
the  art.  Each  individual  case  has  its  own  conditions  which  may 
vary  these  figures  somewhat.  The  weight  of  the  uncovered  wire  per 
horse-power,  transmitted  with  an  electromotive  force  of  1200  volts 
at  the  terminals  of  motor,  would  be  about  50  pounds  for  10,000  feet 
per  horse-power. 

The  potentials  used  in  the  following  calculations  are  only  1000 
volts.  It  is  perfectly  possible  to  go  above  these,  and  thus  econo- 
mize copper.  Or  the  efficiency  figure  may  be  lessened,  in  case  the 
primal  energy  is  abundant,  thus  again  saving  copper  up  to  the  point 
where  increase  in  cost  of  dynamo  plant  equals  the  saving  in 
copper.  Incidental  expenses,  difficult  to  generalize,  such  as  freights, 
etc.,  are  to  be  added  to  any  estimate,  covering  material  only. 
Should  the  present  high  price  of  copper  be  diminished,  the  cost  of 
such  installations  would  be  considerably  lessened.  On  the  other 
hand,  if  conditions  of  excessive  dampness  exist,  it  may  be  necessary 
to  add  a  considerable  sum  for  insulation. 

Take,  for  example,  a  10-mile  transmission  of  100  horse-power. 
The  cost  of  the  line  wire  is  put  down  by  Mr.  Mansfield  at  $200,000, 
while  in  the  figures  of  eminent  contractors  it  is  given  at  §11,000,  or 
but  little  over  one-twentieth  of  Mr.  Mansfield's  estimate. 

It  is  evident  that  if  the  voltage  can  be  increased  from  1000 
to  10,000  or  20,000  volts,  the  cost  of  the  line  wires,  which  form  the 
heaviest  item  in  a  long  transmission,  will  be  so  greatly  reduced  as 
to  make  this  method  of  transmitting  energy  far  less  expensive  than 
those  now  in  general  use.  And  the  influence  of  this  upon  mining, 
metallurgy,  and  on  general  engineering  practice  will  be  incalculable. 
Thus  far  the  electric  transmission  of  power  has  been  made  over 
only  moderate  or  very  short  distances. 

The  first  experimental  plant  transmitted  40  horse-power  from 
Creil  to  Paris,  70  miles,  with  a  loss  of  about  44  per  cent.;  but  in 
actual  engineering  practice  the  transmissian  has  been  confined  foF 
the  most  part  to  distances  much  less  than  ten  miles. 

The  New  Zealand  application  of  electricity  in  mining,  to  which  I 
have  referred,  consisted  in  driving,  a  stamp-mill  by  the  power  of  a 
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waterfall  distant  some  miles  from  the  mill.  In  this  country  the 
longest  circuit  for  mining  work  is  that  on  the  Big  Bend  of  the 
Feather  River  in  California,  where  the  Sprague  Company  has  put 
up  a  plant  of  motors  for  operating  j)umps,  etc.,  on  a  circuit  of" 
about  18  miles.  The  power  is  obtained  from  turbines  placed  at  the 
end  of  the  tunnel  that  cuts  off  the  20-mile  bend  in  the  river. 

This  plant  is  reported  to  be  working  very  successfully,  though  as 
the  season  during  which  it  can  work  is  very  brief,  it  requires,  and 
we  believe  possesses,  extremely  rich  gravel  to  pay  for  punijnng  and 
sluicing.  At  Aspen,  Colorado,  there  has  been  for  some  time  past 
in  successful  operation  an  electric  plant  driven  by  a  neighboring 
water-power,  whose  energy  is  thus  utilized  to  pump  and  hoist  un- 
derground in  the  mine  and  to  haul  on  the  main  entry.  The  plant 
is  very  successful,  and  is  said  to  be  much  more  economical  thau 
steam-power,  even  where  coal  is  cheap. 

The  latest  installation  in  mining  work  is  the  very  interesting  one 
now  being  put  in  by  the  Brush  Electric  Company  in  the  Comstock 
Mines,  Nevada,  which  has  been  described  in  the  Engineering  and 
Mining  Journal,  of  June  16th  and  September  22d,  1888. 

The  plant  is  to  be  used  to  drive  the  new  Nevada  mill,  hoisting 
engines,  etc.,  and  it  consists  of  six  Pelton  impact  water-wheels,  40 
inches  diameter  each,  connected  directly  on  to  the  shaft  of  a  dynamo, 
of  135  horse-power,  and  these  drive  six  electric  motors  of  90  horse- 
power each. 

The  dynamos  and  water-wheels  are  placed  in  a  chamber  exca- 
vated in  the  mine  at  the  level  of  the  Sutro  Tunnel.  The  water  is 
brought  d<j\vn  the  shaft  from  the  surface  and  goes  through  a  half- 
inch  nozzle  on  to  the  water-wheel  under  the  enormous  head  of  1630 
feet,  the  heaviest  pressure  I  believe,  ever  put  upon  a  wheel.  The 
power  is  brought  back  to  the  surface  over  a  copper  strand  about 
three-eighths  inch  diameter. 

The  dynamos  are  of  the  constant  current  type,  wound  for  40  am- 
peres. They  are  said  to  be  absolutely  automatic  in  the  government 
of  their  current  strength,  no  current  regulator  of  any  sort  being 
required.  The  variation  of  current  between  full  load  and  no  load 
is  less  than  two  per  cent. 

The  efficiency  of  both  machines,  the  dynamo  and  electric  motor, 
is  considerably  over  90  per  cent. 

It  is  not  necessary  here  to  repeat  the  descriptions  of  the  various 
electric  [tiants  that  have  been  installed  in  this  country.  Besides 
those  already  mentioned,  we  have  a  mill  in  Idaho,  driven  by  elec- 
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trie  motors.  In  Alaska  it  is  proposed  to  bring  power  to  the  Tread- 
well  240  stamp-mill  on  Douglas  Island  from  a  great  waterfall  on 
the  main  land  some  miles  away.  We  have  electrically  driven 
underground  locomotives,  hoisting-engines,  coal-cutters,  rotary  rock- 
drills,  and  electric  percussion-drills,  which  are  said  to  be  a  proven  suc- 
cess, also.  Electric  lighting  of  mines  and  mills  is  becoming  common, 
and  nearly  every  town  has,  or  proposes  to  have,  electric  tram-cars  in 
its  streets,  and  we  have  also  electric  ore-separators  for  concentrating 
magnetic  iron. ore.  In  addition  to  electric  lights,  small  motors  in 
great  numbers  are  being  introduced  to  perform  a  variety  of  work  in 
our  houses. 

We  have  many  systems  of  "electric  amalgamation,"  in  which  the 
role  of  electricity  appears  to  be  chiefly  for  the  "cleaning"  of  the 
mercury  by  preventing  its  coating  with  an  oxide  film. 

The  electric  smelting  in  the  Cowles'  aluminum  process  has  long 
been  a  great  success,  and  is  about  to  receive  an  enormous  develop- 
ment. 

Electric  welding,  at  first  confined  to  small  pieces  of  metal,  is  now 
effective  and  economical  with  quite  large  plates  and  bars,  and  with 
various  metals. 

It  would  be  impossible  in  the  space  permitted  me  to  enumerate 
all  the  applications  which  electric  transmission  of  energy  has  received 
of  late.  The  progress  made  in  this  department  of  engineering  within 
the  past  vear  or  two  has  been  simply  marvellous,  and  it  requires  no 
prophet  to  foresee  that  the  same  rate  of  progress  continued  a  few 
years  more  will  create  a  veritable  revolution  in  engineering  practice. 

The  questions  to  be  settled  are  whether  the  electric  transmission  is 
more  economical  than  the  other  means  now  in  use,  and  finally,  what 
is  the  prospect  of  reducing  the  cost  in  either  of  the  systems. 

The  rapid  adoption  of  electric  transmission  is  a  satisfactory  de- 
monstration that  it  offers  substantial  advantages  over  other  systems, 
but  there  is  no  other  system  adapted  to  far  transmission.  The  prac- 
tical limit  for  wire  rope  transmission  is  quickly  reached,  and  that 
by  means  of  hot  water  under  high  pressure,  as  now  being  very  suc- 
cessfully introduced  in  Boston,  is  far  more  expensive  in  first  cost 
than  an  electric  plant.  Mr.  A.  V.  Abbott's  paper  ( Trans,  xvi.,  870) 
describes  fully  this  Boston  hot-water  distribution. 

The  only  far  distribution  of  the  large  amounts  of  power  required 
in  general  mining  operations,  by  means  of  compressed  air,  with 
which  I  am  acquainted,  is  that  at  the  Chapin  Mine,  Michigan.  The 
use  of  compressed  air  for  driving-drills,  etc.,  in  long  tunnels  in  this 
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country  and  Europe,  required  comparatively  small  amounts  of 
power.  The  Cliapiu  mine  example  i.s,  without  doubt,  the  largest 
plant  in  tiie  world  ibr  the  transmission  of  power  by  compressed 
air. 

The  plant  in  question  furnishes  power  totheChapiu  and  Luding- 
ton  Mines  at  Iron  Mountain,  Michigan.  At  the  Quinnesec  Falls 
of  the  Menominee  River,  about  three  miles  from  the  mines,  there  are 
four  turbines,  one  of  1000  and  three  of  900  horse-power  each.  Each 
turbine  runs  a  pair  of  compressors.  The  air  is  compr.essed  to  about 
60  pounds  at  60  degrees  Fahrenheit,  and  is  carried  to  the  mines  in 
a  24-inch  iron  pipe,  made  in  lengths  of  68  feet,  with  expansion- 
joints  every  10  lengths.  This  pipe  cost  §60,000  complete,  each  ex- 
pansion-joint costing  $500.  The  power  is  applied  at  the  mines  by 
supplying  the  air  to  Corliss  engines  for  running  Cornish  pumps, 
hoists,  etc,  and  is  also  applied  direct  to  the  rock-drills  and  to  the 
pumps  and  to  Corliss  engine  running  tramway  cable  underground. 
The  total  cost  of  plant  is  estimated  at  about  §500,000.  A  test 
made  February  20th,  1888,  shows  the  following  result': 

I tidicated  liorse-power  of  compressors,  ....     1,430.27 

Sum  of  indicated  horse-power  of  engines  at  tiie  mines,         .        390.17 

Therefore  only  27  per  cent,  of  the  horse-power  indicated  by  the 
compressors  is  recovered  as  indicated  horse-power  in  the  cylinders 
at  the  mines : 

Cubic  feet  of  air  at  compressors  in  eleven  hours,        .        .     1,231,736 
Cubic  feet  at  engines, 967,391 

Loss  in  cubic  feet, 264,345 

The  loss  of  pressure  between  compressor  and  engines  is  about  two 
pounds. 

In  tlicse  figures  we  see  that  the  loss  is  nearly  73  per  cent.  This 
includes  the  losses  due  to  the  leakage,  and  loss  of  energy  in  the  form 
of  heat,  but  does  not  include  friction  of  engines  or  compressors; 
so  that  the  total  loss,  between  the  point  of  appliciition  of  power  of 
the  turbines,  and  the  point  of  application  of  power  of  engine  to 
shafts,  etc.,  cannot  be  less  than  75  per  cent,  of  the  total.  In  other 
words,  the  efficiency  of  tiie  system  stated,  as  would  be  stated  for  an 
electric  system,  does  not  exceed  25  per  cent.  The  figures  quoted 
above  are  a  fair  example  of  tests  which  are  made  at  regular 
intervals. 

The  two  mines  are  charged  each  with  its  share  of  the  power  used. 
The  amount  used  in  each  mine  is  found  by  indicating  all  its  engines, 
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and  the  expense  is  pro-rated  from  these  results.  The  raining  com- 
panies consider  that  the  plant  supplies  thera  power  at  about  the  same 
expense  as  if  they  used  fuel,  which  at  this  point  is  worth  about  the 
same  as  coal  at  $5  a  ton. 

The  following  figures  may  also  be  of  scientific  interest:  The  air 
leaves  the  compressor  at  a  temperature  of  330  degrees  Fahrenheit, 
and  at  the  exhaust  of  the  engines  and  pumps  ice  is  formed  which 
would  close  up  the  exhaust  opening  in  the  pump  were  it  not  for  a  coal 
fire  which  is  kept  burning  beside  it.  By  comparing  the  compression 
curves  of  compressor  cards  and  the  expansion  curves  of  the  engine 
cards  with  the  curves  of  isothermal  compression  and  expansion,  there 
appears  a  loss  in  compressors  of  over  twenty  per  cent.,  and  in  the 
engines  of  over  twelve  per  cent.  These  are  evidently  losses  which 
no  possible  device  in  air  compressors  can  materially  decrease. 

In  these  mines,  as  in  some  other  cases,  the  use  of  compressed  air 
does  not  have  any  great  advantage  as  regards  ventilation,  as  there  is 
a  natural  circulation  of  air,  which  is  usually  sufficient,  and  it  is  artifi- 
cially increased  whenever  desired  by  the  use  of  current  produced  by 
running  water. 

From  the  data  given  above  it  is  easy  to  institute  a  comparison  be- 
tween compressed  air  and  electric  transmission  in  this  case,  but  such 
comparison  should  not  be  applied  too  generally,  for  there  are 
conditions  that  greatly  vary  the  efficiency  of  each  system,  and  these 
conditions  should  be  weighed  in  each  case.  There  can  be  no  doubt, 
however,  that  with  a  pressure  of  even  1000  volts,  electric  transmis- 
sion is,  for  long  distances  and  under  ordinary  conditions,  much  the 
cheaper  method  of  the  two. 

If  it  be  possible  to  transmit  currents  of  high  voltage,  say  10,000  or 
20,000  volts,  as  is  now. intimated  has  been  done  in  London  by  the 
Ferranti  svstem  of  insulation,  then  the  problem  assumes  an  entirely 
different  phase,  and  the  field  for  the  application  of  electric  transmis- 
sion of  power  is  widened  to  an  incalculable  extent. 

I  am  not  in  position  to  affirm  or  deny  the  possibility  of  transmit- 
ting with  safety  currents  of  such  enormous  pressures,  but  the  progress 
in  the  electric  art  has  been  so  exceedingly  rapid  during  the  past  few 
years  that  we  may  be  permitted  to  believe  that  means  for  controlling 
these  high  voltages  will  be  devised,  and  that  they  will  be  found  in 
practical  use  before  many  years. 

On  the  assumption  that  10,000  and  20,000  volt  currents  can  be 
handled  with  safety  and  economy,  every  waterfall  in  the  country, 
VOL.  xvii. — 36 
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even  in  its  inaccessible  parts,  would  become  of  value  and  would  con- 
tribute to  the  efficiency  of  our  jK'ople. 

The  waste  gases  from  our  35,000  coke-ovens  could  be  used  to 
generate  and  drive  dynamos,  until  such  time  as  a  practical  method 
of  converting  the  heat  of  combustion  directly  into  electricity  shall 
have  been  perfected. 

Perhaps  the  most  momentous  vision  which  is  0{)ened  to  our  view 
by  this  anticipated  transmission  of  high-pressure  currents  is  in  the 
influence  it  may  have  upon  our  coal  and  railroad  industries. 

There  is  no  branch  of  engineering  which  is  so  backward,  so  dis- 
graceful to  the  engineering  profession,  as  that  which  relates  to  the 
utilization  of  the  heat  units  contained  in  fuel.  .Vlmost  the  only 
application  which  attains  a  satisfactory  economy  is  the  iron  blast 
furnace.  The  percentage  of  the  heat  units  evolved  in  the  complete 
combustion  of  coal  that  is  actually  utilized  varies  from  perhaps  3  or 
4  per  cent,  in  many  open  grate  fires  to  perhaps  12  or  15  per  cent, 
in  steam  boilers.  It  may  be  roughly  assumed  that  the  average 
result  obtained  in  burning  the  1-^0,000,000  short  tons  of  coal  esti- 
mated to  have  been  produced  in  the  United  States  this  year  (1888) 
was  not  better  than  8  pounds  per  horse-power  per  hour. 

The  value  of  this  coal  averaged  about  §1.40  at  the  mines,  and  the 
average  actual  cost  to  consumers  throughout  the  country  could  not 
have  been  less  than  $4.20  a  ton,  or  three  times  the  cost  at  the 
mines;  or,  at  the  assumed  efficiency  of  8  pounds  per  horse- power 
per  hour,  say  1.7  cents  per  hour  per  horse-power,  as  compared  with 
.57  per  cent,  at  the  mine. 

If,  instead  of  a  consumption  of  8  pounds  per  horse-power,  this  coal 
had  been  used  with  an  efficiency  of  2  pounds  per  horse-power,  which 
is  quite  practicable,  the  cost  would  have  been  .4  cent  per  horse- 
power per  hour  at  the  point  of  consumption,  and  .18  cent  at  the 
mines.  In  other  words  the  cost  of  the  fuel  per  horse-power  to  the 
consumer  averages  probably  ten  times  what  it  would  at  the  mines, 
if  using  electricity  generated  by  steam-power.  This  is  roughly  the 
margin  which  an  electric  transmission  would  have  to  work  on,  and 
since  we  have  assumed  the  average  cost  of  transporting  a  ton  of  coal 
from  the  mines  and  distributing  ii  to  consumers  at  $2.80,  we  have 
here  a  unit  of  measure. 

Without  entering  at  this  time  into  detailed  estimates  of  the  cost 
of  transmission  of  the  vast  amount  of  power  represented  by  the  com- 
bustion of  millions  of  tons  of  coal,  the  high  efficiency  already  attained 
in  electrical  transmission  makes  it  not  improbable  that  before  very 
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many  years  have  passed  we  shall  see  a  great  part  of  our  coal  burned 
at  the  mines  in  specially  designed  furnaces,  and  the  energy  there 
generated  carried  as  electric  currents  of  high  voltage  to  the  great 
centres  of  consumption,  and  then  reduced  and  distributed  to  manu- 
factories and  to  public  and  private  buildings,  where,  reconverted  into 
heat,  it  will  take  the  place  of  coal  in  cooking,  heating,  lighting,  mo- 
tive power,  etc.,  with  many  evident  advantages  in  cleanliness,  safety, 
convenience  and  economy. 

The  cost  of  transmitting  the  energy  contained  in  the  coal  from  the 
mines  to  the  points  of  consumption  will  certainly  be  far  less  than 
the  cost  of  carrying  the  coal  on  railroads  and  distributing  it  by  carts; 
and  the  efficiency  of  the  coal  would  be  vastly  greater  when  burned  in 
specially  designed  furnaces  than  in  the  wasteful  appliances  in  use  now 
by  the  average  consumer. 

The  electrical  transmission  would  give  as  much  useful  effect  from 
one  ton  as  is  now  obtained  from  two  or  three  tons,  so  that  it  would 
leave  from  §5.60  to  §7.40  as  the  margin  with  which  to  work;  and 
its  adoption  would  prolong  the  duration  of  our  supply  of  anthracite, 
which  is  being  so  rapidly  exhausted  by  the  wasteful  methods  of 
mining  now  in  use. 

Discussion. 

Fred.  G.  Bulkley,  Aspen,  Colo.  (Communication  to  the  Sec- 
retary) :  The  following  details  of  the  Aspen  plant,  referred  to  by 
Mr.  Rothwell,  may  be  of  interest.  Two  Pelton  water-wheels,  to 
which  water  is  delivered  under  a  head  of  68  feet  through  4-inch 
nozzles,  supply  the  power.  Assuming  an  efficiency  of  85  per  cent., 
each  wheel  yields  27  horse-power.  By  means  of  belt-pulleys  on  the 
shafts  of  the  Pelton  wheels,  the  power  is  applied  to  a  500-volt,  80- 
ampere,  Edison  dynamo,  equivalent  to  the  conversion  of  about  53 
horse-power.  The  distance  to  which  the  power  is  transmitted  is 
7300  feet.  For  the  distance  of  6000  feet,  on  the  surface,  a  No.  2 
copper-wire  is  used,  while  for  that  part  of  the  line  which  is  under- 
ground, 1300  feet,  a  cable  was  put  in.  It  is  |-inch  in  diameter, 
consists  of  seven  No.  10  co])per- wires,  is  waterproof,  and  thoroughly 
insulated,  "  bitite  "  being  the  insulating  material.  Under  these  con- 
ditions an  efficiency  of  70  per  cent,  is  obtained  at  the  two  Sprague 
motors.  The  plant  has  bfeen  in  constant  use  since  May  5, 1888,  and 
has  proved  very  satisfactory  in  all  respects. 

I  had  been  under  the  impression  that  the  electrical  transmission 
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of  ])o\ver  was  applied  to  mining  work  by  the  Compagnie  de  la  Fer- 
roniure  in  the  Loire  Valley,  in  Franee,  about  the  year  1880.  If 
that  is  the  case  the  New  Zealand  mill  is  antedated. 


AUTOMATIC  DVMPINQ-CRAULES  FOE  MINE- CARS. 

BY  H.  S.  MUNROE,   SCHOOL   OF   MINES,  NEW  YORK  CITY. 

(New  York  Meeting,  Februury,  1889.) 

The  accompanying  figures  illustrate  the  dumping-device  used  at 
tJie  new  dressing  works  of  the  St.  Joseph  Lead  Co.,  at  Bonne  Terre, 

Fig.  1. 


ST. JOSEPH    LEAD  CO. 

DUMPING  APPARATOS 


A.  Swinging  Shaft  B,  Roclccr  Irons 

C.  Journal  Bracket  D.  Journal  Bracket  Cap 

E.  Catch  Biir  F.  Lever 

G.  Forked  bolt  H.  Sturup 


20  Inches 


Kngri.ed  lij  AlnonaftD  Huik  Nou>  Co.K.Vork 


End-views  and  Section. 


Mo.     It  is  a  dumping-cradle,  of  a  type  much  used  abroad,  in  which 
the  car  is  turned  upside  down  to  discharge  its  load.     The  main 
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advantage  of  this  type  of  dumping-apparatus,  is  that  it  permits  the 
use  of  cars  of  simple  construction,  not  weakened  by  hinged  doors 
or  bottoms. 

The  wheels  of  the   mine-car  run   between  the  upper  and  lower 
arms  of  the  curved  rocker-irons  5,  the  lower  arms  forming  a  con- 


Dumping-cradle  ;  Side-  and  Top-views. 

tinuation  of  the  track.  The  apparatus  is  so  constructed  that  the 
axis  D  is  below  and  back  of  the  center  of  gravity  of  the  loaded  car, 
but  above  the  center  of  gravity  of  the  empty  car.  The  dumping  of 
the  car,  and  its  return  to  a  normal  position  are  both  automatic.  A 
chain,  not  shown  in  the  sketch,  prevents  the  cradle  from  turning  too 
far,  and  the  catch  permits  the  car  to  be  held  upside  down  till  the 
load  is  completely  emptied. 
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The  (limensions  of  the  car  for  wliich  tliis  apparatus  is  designed 
are  as  follows : 

ITeiu'lit  over  all 3  ft. 

Width  of  car-body 2  ft.  9  in, 

Lcngtli  of  car-body,    .         .         .         .         .         .         .         .  3  ft.  3  in. 

Depth  of  car-body, 1  ft.  8  in. 

Bottom  of  car-body  above  track, 1  ft.  4  in. 

Diameter  of  wheels — tread, Hi  in. 

Diameter  of  wheels — flange, 14i.  in. 

Distance  between  axles,       .         .        .         .        .        .        .  1  ft.  3  in. 

Gauge  of  track 2  ft. 

Capacity  of  car, 1400  pounds  of  ore. 

The  body  of  the  car  is  rectangular,  and  is  made  of  -p^"  boiler- 
plate, the  sides  and  ends  in  four  separate  pieces,  bent  at  the  corners 
and  riveted.  The  top  edge  is  strengthened  by  a  3"  piece  of  strap- 
iron  %"  thick,  fastened  by  rivets.  The  bottom  is  attached  to  the 
sides  by  a  piece  of  angle-iron  riveted  through  the  flanges  and  placed 
inside  the  sides  and  ends  and  below  the  bottom-plate.  The  car-body 
is  supported  on  two  oak  sills,  4''  x  8J"  by  22"  long.  These  raise 
the  bottom  of  the  car  high  enough  to  allow  it  to  project  over  the 
wheels. 

I  have  an  indistinct  recollection  of  seeing,  at  a  mine  near  George- 
town, Colo.,  probably  the  Dunderberg,  a  dumping-cradle  similar  to 
the  one  above  described. 

Mr.  Edward  F.  Weekes,  a  student  of  the  graduating  class  of  the 
School  of  Mines,  Columbia  College,  has  prepared  at  my  request 
from  notes  taken  during  the  work  in  1888  of  the  summer  class  in 
Practical  Mining,  the  following  account  of  a  dumping-cradle  em- 
ployed at  the  Chapin  mine,  Lake  Superior. 

The  dumping-cradle  used  at  the  Chapin  mines  is  an  example  of 
a  type  in  common  use  abroad.  Like  the  one  used  at  the  St.  Joseph 
mill,  it  dumps  the  car  by  turning  it  upside  down,  avoiding  the  nec- 
essity of  gates  in  the  side  or  bottom  of  each  mine-car,  and  thus 
permitting  the  cars  to  be  made  light,  stiff  and  strong  at  reduced 
cost. 

One  disadvantage  of  dumping-cradles  is  that,  as  ordinarily  con- 
structed, they  are  fixtures.  A  separate  cradle  has  to  be  erected  at 
each  dumping-place.  This  difficulty  is  overcome  at  the  Chapin 
mine  by  the  simple  device  of  mounting  the  cradle  on  wheels. 

The  cars,  loaded  from  ore-chutes  in  a  foot-wall  drift  at  the  sixth 
level,  are  conveyed  to  the  foot  of  the  shaft,  through  a  cross-cut 
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tunnel,  by  a  slow-moving  endless  rope,  to  which  they  are  attached 
singly,  by  very  simple  and  effective  grips.  At  the  surface,  the  ears 
are  run  into  the  dumping-cage,  and  the  ore  is  dumped  into  the  bins 
from  which  the  railroad  cars  are  loaded. 

The  ore-cars,  6  feet  1  inch  long,  3  feet  4  inches  wide  at  the 
top,  2  feet  4  inches  wide  at  the  bottom,  and  2  feet  4  inches  deep, 
are  madeof  ^-inch  plate-iron  and  have  a  |^-inch  strip  riveted  around 
the  top,  and  also  one  around  the  sides  and  bottom  at  the  middle. 
The  wheels,  of  8-inch  radius,  3  feet  gauge,  are  set  2  feet  apart. 
There  are  two  3-inch  x  3-inch  iron  bumpers,  4  inches  long,  at  each 
end  of  the  car.     The  capacity  of  the  car  is  two  tons. 

The  endless  wire  rope  used  for  hauling  the  cars,  |-inch  in  di- 
ameter, and  moving  about  |  of  a  mile  ])er  hour,  is  carried  between 
the  rails  on  grooved  rollers,  4  inches  wide  and  8  inches  in  diameter, 
and  is  guided  around  the  curve  from  the  cross-cut  into  the  drift  by 
seven  grooved  wheels,  one  side  of  the  groove  being  14  inches  and 
the  other  12  inches  in  diameter.  The  first  of  these  wheels  is  set 
inclined,  the  second  horizontal,  the  th.ird  inclined,  the  fourth  hori- 
zontal, etc. 

The  motive  power,  located  in  an  excavated  room  on  the  right  of 
the  cross-cut  and  near  the  shaft,  consists  of  two  12-inch  x  36- 
inch  Corliss  engines,  run  by  compressed  air.  There  are  two  sheaves 
or  drums,  one  fixed  to  a  cog-wheel  which  receives  the  motion,  and 
the  other  set  in  a  frame,  held  down  by  bolts  working  in  slots,  15 
inches  x  1|  inches.  A  3-inch  jack-screw  is  set  between  the  end  of 
the  frame  nearest  the  first  sheave  and  a  cross-piece  firmly  bolted  to 
its  foundation.  By  this  the  distance  between  the  two  sheaves  can 
be  varied  as  the  stretching  of  the  rope  may  require.  The  rope 
passes  around  these  two  sheaves  four  times. 

The  cars  are  attached  to  the  rope  by  a  clutch  or  grip  (Fig.  5), 
which  extends  7  inches  below  the  car-bottom.  The  rope  is  gripped 
between  a  piece  bolted  to  the  car  and  a  lever  (short  arm  7J  inches, 
long  arm  11|  inches),  held  in  position  by  an  elbow-joint. 

The  cars  are  held  in  place  in  the  double  shaft,  on  cages  6  feet  x 
7J  feet  in  size,  by  two  clutches,  which,  when  in  place,  rest  upon  the 
rails  and  between  the  wheels. 

At  20  feet  above  the  ground-level  a  trestle,  about  120  feet  long, 
leads  from  the  shaft-house  to  an  ore-pocket.  From  about  25  feet  in 
front  of  the  shaft  to  directly  over  the  ore-pocket,  extends  the  track 
for  the  automatic  dumping-cradle,  shown  in  Fig.  3,  which  is  an  end- 
view  with  the  portion  a  b  removed,  and  Fig,  4,  which  is  a  plan.    The 
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franio  (8  feet  4  inches  wide  and  9  feet  8  inclies  long,  made  of  7i-inch 
X  2-incli  channel-beams  with  two  4-inch  I-beams  of  the  same  depth 
set  across  the  frame  7  inches  from  each  end)  rests  on  four  wheels 
of  8-inch  radius,  running  on  a  track  of  8  feet  11  inch  gauge.  The 
cradle  proper  consists  of  two  iron  rings  5  feet  4  inches  outside  diam- 
eter, 3  inches  wide,  and  |-inch  thick,  held  apart  by  two  angle-irons, 
so  set  that  the  horizontal  distance  between  them  shall  be  the  width 


DUMPIRG-CRADLE    AT  THE    CHAPIN    MINE,   LAKE    SUPERIOR. 


of  the  top  of  the  car  (see  Fig.  5).  The  track- rails  are  carried  on 
iron  cross-pieces.  The  cradle,  which  is  also  strengthened  by  two  iron 
rods  diametrically  opposite  each  other,  rests  between  the  I-beams,  on 
four  wheels  of  9-inch  radius,  the  axles  of  which  are  supported  in 
bearings  on  the  under  side  of  the  two  end  cross-beams.  The  dis- 
tance between  the  centers  of  these  wheels  is  such  that  the  rails  in  the 
cradle  correspond  with  the  rails  which  project  over  and  rest  upon 
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the  frame,  when  the  cradle  is  in  position  to  receive  a  car.  The  cradle 
is  free  to  revolve  on  these  wheels. 

There  is  also  a  catch  for  the  wheels  of  the  car  similar  to  that  on 
the  cage.  Fastened  to  one  end  and  revolving  around  the  central 
axis  of  the  frame,  with  the  bearing  shown  in  Fig.  4,  is  a  square 
iron  rod,  which  projects  18  inches  beyond  the  side  of  the  frame. 
On  the  end  of  this  rod  is  a  wheel  5  inches  wide  ;  and  over  the  side 
channel-bar  is  another  wheel  of  the  same  size.  The  part  of  the  rod 
between  these  two  wheels  is  round.  At  a  point  on  this  rod  opposite 
the  end-ring  is  a  hinged  piece  which  projects  under  a  catch  on  the 
cradle-ring  (see  T>  and  E,  Figs.  6  and  7) ;  the  inner  wheel  is  con- 
fined in  an  inverted  U-shaped  guide,  fastened  on  the  side  channel 
and  beam  set  inclined  ;  a  plank  running  lengthwise,  on  the  other  side 
of  the  frame,  acts  as  a  platform.  An  endless  wire  rope,  carried 
from  each  end  of  the  frame  over  a  sj-stem  of  pulleys  to  the  engine- 
house,  more  than  750  feet  away,  moves  the  apparatus.  The  12-inch 
X  36-inch  Corliss  engine,  driven  by  compressed  air,  runs  the  truck  at 
shaft  B  and  the  cradle  at  shaft  C. 

In  the  cross-cut  underground,  at  some  distance  from  the  shaft,  the 
tread  of  the  moving  car-wheels  moves  a  piece  of  angle-iron,  hinged 
directly  alongside  of  the  rail,  and,  when  in  place,  having  its  free 
end  5  inches  above  the  top  of  the  rail.  The  motion  of  this  angle- 
iron,  by  means  of  a  wire  and  bell-crank,  rings  a  bell  at  the  shaft, 
announcing  the  approach  of  the  car  in  time  to  ensure  its  proper  de- 
tachment from  the  rope.  The  car  is  pushed  by  hand  a  few  feet  to 
the  cage,  and  sent  to  the  surface,  where  it  is  pushed  off  the  cage  and 
upon  a  truck  5  feet  long,  running  at  right  angles  to  the  track,  and 
is  then  shifted  to  a  track  midway  between  the  two  cages.  From  this 
track  it  is  pushed  upon  the  cradle  (the  track  projecting  over  and  just 
clearing  the  cross-beams  of  the  cradle-frame,  and  meeting  the  rails 
in  the  cradle).  The  cradle  is  now  moved  on  its  track  until  directly 
over  the  ore-pocket,  at  which  point  the  wheel  on  the  end  of  the  rod 
projecting  beyond  the  side  of  the  cradle,  strikes  an  incline  G,  Fig. 
8  (the  incline  is  not  drawn  to  scale),  which  gives  it  a  sudden 
upward  movement  and  starts  the  cradle  revolving.  The  center  of 
gravity  of  the  loaded  car  and  cradle  being  above  the  axis  of  the 
cradle  insures  the  completion  of  at  least  a  half-revolution,  which 
would  dump  the  ore ;  but  the  momentum  carries  the  cradle  beyond 
this  point.  A  workman,  who  always  rides  out  on  the  platform  of 
the  frame,  now  rights  the  cradle,  and  it  immediately  returns  to  the 
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shaft.  The  incline  mentioned  above  is  made  of  wood  covered  witli 
a  piece  of  inch  half-round  iron,  which  acts  as  a  track. 

It  is  unnecessary  to  describe  the  manner  of  returning  the  empty 
cars  into  the  mine,  since  it  can  easily  be  inferred  from  the  foregoing 
descri])tion,  the  process  being  ])ractically  reversed. 

In  the  platform  back  of  the  shaft-house  is  a  second  cradle,  into 
which  the  cars  are  run  in  order  to  be  turned  bottom-side  up  for 
oiling. 

No  hoisting  is  done  at  night,  the  cars  being  loaded  and  stored  on 
the  track  under  the  chutes  until  morning,  when  they  are  sent  to  the 
surface. 

The  ore  from  the  working  i)laces  is  tranimed  by  hand  to  the  ore- 
chutes,  which  are  located  at  the  end  of  each  cross-cut  into  the  ore- 
body.  The  cars  used  for  this  j^urpose  are  3J  feet  long,  2  feet  wide 
at  the  toj),  1 J  feet  wide  at  the  bottom,  1|  feet  deep,  and  open  at  one 
end.  The  wheels  are  of  6-inch  radius,  axles  15  inches  apart,  and 
the  forward  axle  18  inches  from  the  front  of  the  car.  Each  car 
holds  about  1|  tons  and  dumps  over  the  front  axle. 

The  system  of  handling  ore  above  described  is  followed  during 
the  shipping  season  only ;  at  other  times,  one-ton  cars  are  used  in  place 
of  the  two-ton  cars,  and  the  ore  is  dumped  from  a  trestle,  running 
between  the  two  shafts,  upon  an  immense  ore-wharf,  about  1000  feet 
long  and  about  150  feet  broad  (estimated),  from  which  it  is  loaded 
into  the  railroad-cars  when  shijiments  begin. 


ORE-DEPOSITS  OF  THE  BLACK  HILLS  OF  DAKOTA* 

BY  FRANKLIN  R.  CARPENTER,  RAPID  CITY,  DAKOTA. 

(New  York  Meeting,  Feliriiary,  1889.) 

In  area,  the  Black  Hills  are  about  equal  to  the  State  of  Connecticut. 
As  the  accompanying  geological  map  indicates,  they  exhibit  in  the 
main  a  simple  structure,  presenting  a  central  mass  of  granite  and 
Archsean  rocks,  on  all  sides  of  which  the  later  sedimentary  rocks  dip 

*  Note  by  the  Secretary. — The  substance  of  this  paper,  with  considerable 
additions,  constitutes  a  ciiapter  in  tlie  report  of  Dr.  Carpenter  to  the  Trustees  of 
the  Dakota  School  of  Mines,  of  which  he  is  Dean.  By  the  permission  of  the 
Trustees,  it  was  conamunicated  in  advance  to  the  Institute. 
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away,  lying,  in  the  main,  conformably  upon  one  another,  and  ex- 
posing, as  the  result  of  erosion,  the  successive  edges  of  the  Cambrian, 
Carboniferous,  Triassic,  Jurassic,  Cretaceous  and  Tertiary,  the  Cre- 
taceous constituting  a  nearly  level  plain  through  which  the  earlier 
strata  have  been  uplifted.  Of  the  Cambrian,  no  rocks  occur  except 
the  Potsdam;  and  the  Silurian  and  Devonian  are  entirely  wanting 
— a  remarkable  fact,  when  considered  in  connection  with  the  perfect 
conformability  between  the  Potsdam  and  the  Carboniferous,  There 
is  also  a  break  between  the  Cretaceous  and  the  Miocene — a  period 
of  great  erosion. 

Large  veins  of  granite  occur  in  the  Archaean  rocks  of  the  southern 
Hills;  and  sheets  of  intrusive  igneous  rock,  sometimes  typical  lac- 
colites,  are  found  crossing  or  intercalated  in  the  sedimentary  strata 
further  north. 

In  a  paper  on  the  geology  of  the  Black  Hills,  contained  in  my 
report  to  the  Trustees  of  the  Dakota  School  of  Mines,  I  have  dis- 
cussed this  subject  in  detail.  The  foregoing  summary  statement 
must  suffice  in  this  place,  to  introduce  my  description  of  the  ore- 
deposits. 

The  metalliferous  deposits  of  the  Hills  are  both  extensive  and 
varied.  Iron,  copper  and  tin  abound,  as  well  as  gold  and  silver. 
Cement,  fire-clay  and  gypsum,  as  well  as  a  great  variety  of  building 
stones,  exist  in  inexhaustible  quantities.  It  is  not  so  much  the  object 
of  this  paper  to  set  these  forth  in  detail,  as  to  give  such  results  of 
our  study  concerning  their  occurrence,  nature  and  treatment  as  have 
been  obtained  at  the  School  of  Mines. 

The  great  deposits  of  the  Black  Hills  are  of  Archeean  age,  and 
yield  mainly  an  auriferous  pyrite,  though  lead,  zinc  and  other  ores 
occasionally  occur.  These  deposits  are  sometimes  lenticular  in  shape, 
and  seemingly  form  independent  members  of  the  slate  and  schist 
series,  and  share  in  all  their  folds  and  contortions,  having,  like  them, 
a  columnar  cleavage  coincident  with  the  beddins;. 

I.  Placers. 

Two  kinds  of  placers,  tin  and  gold,  are  found  in  the  Black  Hills. 
The  placers  are  also  of  different  ages.  Quaternary  and  Recent,  and 
that  ancient  consolidated  placer  found  at  the  base  of  the  Potsdam, 
for  it  seems  impossible  to  call  it  anything  else.  The  Quaternary 
placers  yet  yield  some  gold,  but  their  richer  parts,  like  Deadwood 
gulch,  are  practically  exhausted.     Upon  some  streams,  where  the 
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bed-rock  is  deep,  requiring  expensive  pumps  and  other  machinery, 
there  may  yet  be  found  gold  in  quantity. 

In  the  formation  of  the  Pots(him  rocks,  the  ocean  advanced  upon 
the  slowly  sinking  Archaean  island,  sorting  over  the  material  worn 
from  the  land,  rearranging  and  depositing  it  as  sand  and  gravel,  thus 
forming  the  basal  member  of  these  rocks.  Containing  particles  of 
gold  derived  from  the  Archaean  veins,  it  became  in  reality  a  gold 
j^lacer,  especially  in  the  neighborhood  of  the  great  Archrean  gold 
deposits,  such  as  the  llomestake.  In  time  it  was  consolidated  to 
rock,  and  to-day  forms  the  "  cement "  beds  of  the  miner.  It  is  mined, 
stamped  and  amalgamated  as  other  free-milling  gold  ore. 

The  sketch  given  in  Fig.  1  was  made  by  Mr.  W.  B.  Devereaux  to 
illustrate  his  paper  on  the  occurrence  of  gold  in  the  Black  Hills.* 

The  former  contact-line  of  the  Archaean  and  Potsdam  rocks,  as 
well  as  the  subsequent  erosion,  is  clearly  shown.  The  porphyry 
capping  of  the  vein  was  injected  before  the  Potsdam  and  overlying 

Fig.  1. 
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.A-pproximate  Greological  Slietch.  from.  HoinestaUe  "Vein,  East-ward. 

rocks  had  suffered  erosion.  It  flowed  sometimes  beneath  the  Pots- 
dam and  sometimes  upon  it  and  beneath  the  Carboniferous  rocks. 

The  large  body  of  porphyry  upon  the  left  is,  at  no  great  distance, 
still  overlain  by  the  Potsdam,  which  it  lifted  uj)\vard  after  the  manner 
of  a  laccolite,  while  upon  the  east,  west  and  south  of  the  locality  hero 
shown,  similar  sheets  of  igneous  rock  disappear  beneath  the  yet  un- 
removed  Potsdam  and  Carboniferous.  There  is  every  reason  to 
suppose  that  the  porphyry  was  injected  while  the  Mesozoic  rocks, 
even,  were  yet  in  position,  although  Mr.  S.  F.  Emmons  was  led  to 
say  that,  if  the  above  cut  is  correct,  the  porphyry  must  be  subse- 
quent to  the  date  of  the  erosion  of  the  Cretaceous  and  Palaeozoic 
rocks,  and,  therefore,  probably  post-Cretaceous.  An  examination 
of  the  district,  however,  leads  one  to  the  view  above  given. 

The  drawing  represents  a  section  taken  perpendicularly  to  the 

*  Trans.,  x..  465. 
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Homestake,  and  extends  about  one  mile  and  a  half  to  the  east.  The 
lower  contact-line  is  the  ancient  Potsdam  beach.  The  later  placers 
occupying  the  gulches  beneath  derived  their  gold  mainly  from  the 
disintegration  of  the  overlying  Potsdam  ;  and  while  Deadwood  gulch 
has  received  additional  gold  directly  from  the  Homestake  deposit, 
Blacktail  gulch,  lying,  as  it  does,  with  Deadwood  creek  between  it 
and  the  Homestake,  contains  no  gold  that  came  directly  from  this 
deposit,  what  it  has  having  come  through  the  medium  of  tne  Pots- 
dam. 

As  Mr.  Emmons  remarks,  the  most  interesting  fact  connected  wnth 
this  deposit  is  that  it  furnishes  absolute  proof  of  the  Archaean  age 
of  the  Black  Hills  gold.  No  doubt,  the  Homestake  bed  was  then 
gold-bearing;  but  whether  it  has  been  subsequently  enriched  by 
the  numerous  porphyry  dikes  in  it  and  parallel  to  it,  I  will  consider 
presently. 

Mr.  Devereaux,  who  had  the  management  of  some  of  these  cement- 
mines,  observes  that  the  gold  in  these  conglomerates  is  finer  than  the 
gold  of  the  Homestake,  whence  it  was  derived.  Since  it  was  set 
free,  it  has  been  subjected  to  various  chemical  agencies,  which  have 
dissolved  out  a  part  of  its  silver  alloy.  This  solution  of  silver,  hav- 
ing been  confined  to  the  surfaces  of  the  pieces  of  placer  gold,  has 
given  them  a  corrugated  appearance,  and  this  being  true,  it  follows 
that  the  smaller  the  pieces  are,  the  finer  the  gold.  The  average  of 
Mr.  Devereaux's  assays  gives  the  fineness  of  the  gold  as  .904;  of 
the  silver,  .096. 

The  different  mines  upon  the  Homestake,  according  to  Mr.  George 
Hewitt,  yield  gold  in  fineness  as  follows : 


Gold 

Homestake. 

Highland. 

Terra. 

Deadwood. 

De  Smet. 

.820 
.170 

.830 
.155 

.825 
.160 

.850 
.140 

.S20       , 
.170 

Silver 

He  also  observed  that,  in  the  vicinity  of  the  dikes  which  cut  the 
Potsdam,  but  little  gold  was  found ;  and  such  as  there  was,  had  lost 
its  rounded  appearance  and  gave  every  evidence  of  having  been  sub- 
jected to  a  powerful  solvent.  As  this  fact  bears  upon  the  formation 
of  other  gold-deposits  found  in  these  rocks,  I  call  special  af^ention 
to  it. 

11.  Ore-Beds. 

l^he  Homestake  and  Similar  Deposits. — These  are  the  most  exten- 
sive and  important  of  the  mineral  deposits  of  the  Black  Hills.    The 
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best  known  o;roup  of  mines,  oeeupying  a  small  section  6000  feet 
long  by  2000  feet  broad,  known  as  the  "Belt,"  produced  last  year 
$2,271,341.14.  That  these  deposits  were  originally  laid  down  as 
beds,  I  have  no  doubt;  but  it  is  also  certain  that  they  were  subse- 
quently much  altered.     My  view  of  their  formation  is  as  follows: 

At  the  time  when  the  enclosing  rocks  were  laid  down,  large  quan- 
tities of  proto-sulphide  of  iron  were  formed  through  the  agency  of 
decaying  organic  matter,  the  presence  of  which  at  that  time  is  at- 
tested by  the  large  quantities  of  carbonaceous  matter  yet  present  in 
these  beds.  This  pi'oto-sulphide  of  iron  was  not  (at  least,  not  to 
any  great  extent)  gold-bearing.  Subsequently,  by  the  action  of  ferric 
salts  in  solution,  this  proto-sulphide  was  changed  to  bi-sulphide,  and 
the  iron  solutions  which  wrought  this  change  also  brought  the  gold 
which  is  now  found  in  these  deposits.  I  have  adoi)ted  this  view  for 
the  following  reasons:  The  presence  of  such  quantities  of  graphite 
is  considered  proof  of  former  organic  matter.  These  beds  of  pyrite 
often  pass  into  pyrrhotite,  which  may  be  classed  as  a  proto-sulphide 
of  iron,  and  in  so  doing  they  always  cease  to  be  gold-bearing.  I  sup- 
pose the  pyrrhotite  to  be  nearer  the  original  condition  of  the  sul- 
phide, and  the  change  that  has  taken  place  may  be  represented  by 
the  following  chemical  equation  : 

2  Fe  S  +  Fe^  (S0,)3=Fe  S^+S  Fe  SO,. 

The  part  of  the  "Belt"  belonging  to  the  Homestake  combination 
i  gold-bearing  for  a  distance  of  6000  feet.  The  "ore"  is  not  con- 
tinuous throughout  this  distance,  but  occurs  in  shoots  or  vast  "pipes," 
lenticular  in  cross-section.  The  beds  of  argillites,  phyllites  and  am- 
phibole  schists,  in  which  these  shoots  occur,  strike  north  37|°  west, 
which  is  also  accurately  the  strike  of  the  plane  or  "ore-channel"  in 
which  the  shoots  occur.  The  dip  of  the  beds,  as  a  whole,  is  to  the 
east.  The  shoots  dip  east  also,  but  athwart  this  plane,  at  an  angle 
of  about  45  degrees.  The  ore  and  enclosing  rocks  have  indifferently 
the  same  general  cleavage-structure. 

In  the  Plomestake  proper,  or  south  end  of  the  Belt,  there  are 
numerous  sheets  of  porphyry,  or  more  properly,  of  felsite,  sometimes 
cutting  across  the  stratification,  but  usually  parallel  to  it.  In  the 
northern  half — the  Deadwood-Terra  and  De  Smetend — no  porphyry 
is  found  in  the  vein ;  but  the  section  was  once  overlain  by  felsite  which 
yet  remains  as  a  capping  to  the  ridge  between  Gold  run  and  Bobtail 
gulch,  and  between  Bobtail  gulch  and  Dead  wood  creek.  This 
porphyry  was  injected  between  the  slates  and  the  Potsdam,  raising 
the  latter  and  other  overlying  rocks  after  the  manner  of  a  laccolite, 
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though  they  have  since,  in  the  immediate  area,  been  removed.  The 
vent  through  which  this  sheet  was  injected  had  probably  no  connection 
with  the  small  dikes  found  in  the  Homestake,  but  was  intruded  from 
the  southwest,  and  most  likely  was  connected  with  the  igneous  mass 
forming  Terry's  peak. 

The  percentage  of  pyrite  impregnating  the  slates  and  schists  and 
forming  the  "ore"  is  never  large.  The  yield  upon  concentration  is 
seldom  20  per  cent.  The  average  is  probably  not  more  than  7  per 
cent.     There  are  no  solid  bodies  of  pyrite. 

The  influence  of  the  porphyry  upon  the  lode  seems  to  be  good, 
but  whether  it  produced  an  enrichment  of  the  bed,  or  simply  rendered 
it,  by  some  action,  oxydizing  or  otherwise,  more  free-milling,  I  have 
not  determined  definitely.  The  fact,  however,  is  that  the  Homestake 
yield  per  ton  is  much  greater  than  that  returned  by  the  Deadwood- 
Terra  and  other  claims  where  the  igneous  intrusions  do  not  occur — 
the  former,  from  the  best  attainable  data,  being  $3.87  per  ton,  while 
the  latter,  as  figured  from  official  reports,  lies  between  $2.03  and 
$2.82.  The  sheets  of  igneous  rock  in  the  Homestake  are  porous 
and  much  decomposed.  Careful  assays  showed  no  gold.  The 
sheets  east  of  these,  near  the  pump-shalt,  are  pyritiferous,  and  assay 
from  $1  to  $2  per  ton.  I  am  led  to  the  conclusion  that  the  porphyry 
has  had  a  two-fold  benefit: 

First — It  has  rendered  the  ores  more  free-milling. 

Second — It  has  produced  in  its  neighborhood  either  an  enrich- 
ment of  the  deposit  or  a  further  concentration  of  what  gold  originally 
existed  in  it. 

That  it  was  gold-bearing  before  the  injection  of  these  dikes  is 
proved  from  the  fact  that,  remote  from  their  influence,  it  is  gold- 
bearing,  and  that  all  similar  beds,  in  other  parts  of  the  Hills  where 
no  igneous  rocks  occur,  are  also  gold-bearing ;  as  well  as  from 
evidence  furnished  by  study  of  the  Potsdam  conglomerate,  laid  down 
prior  to  their  injection.  At  the  surface  the  ore  has  always  appeared 
in  shoots,  as  I  have  described ;  but  I  am  credibly  informed  that  in 
the  deep  workings  of  the  Homestake  end  this  is  no  longer  the  case, 
the  bed  being  now  continuously  ore-bearing  for  many  hundreds  of 
feet.  These  ore-bodies  are  said  sometimes  to  have  exceeded  300  feet 
in  thickness.  Careful  measurements  of  the  big  open  cut  upon  the 
Golden  Star  claim  gave  as  the  cross-section  of  that  body  150  x  350 
feet,  while  the  Terra  cut  gave  150  x  250  feet.  These  figures  are 
probably  correct,  so  far  as  the  width  is  concerned;  but  the  shoots 
may  be  longer. 

This  deposit  may  be  compai'ed  to  the   Rammelsberg;    but  the 
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(lescriptioiis  of  Cotta,  Grotldcek  and  Wi turner  show  many  (lifTerences. 
The  enclosing  rocks  of  the  rioinestakc  are  Archsean,  while  the 
Ranimelsherg  deposit  is  found  in  the  Devonian.  The  shai)e  of  the 
ore-bodies  and  character  of  tho  accompanying  minerals  also  differ; 
and  this  dcj)osit  is  longer  and  thicker  than  the  Rammelsl)erg. 
Beginning  with  tiie  northern  end,  it  gradually  widens  to  350  feet, 
by  actual  measurement,  at  the  Segregated  Old  Abe  and  Homestake. 
Other  oro-bodies  are  found  in  the  same  beds,  but  oecui\ving  different 
])lancs.  From  the  shaft  on  the  Golden  Terra  extension,  the  Cale- 
donia disco  very -shaft  lies  east,  1300  feet,  at  right-angles  to  the 
course  of  the  Homestake.  Other  ore-bodies  also  occur,  but  want 
of  time  has  prevented  niy  giving  them  special  study.  The  Caledonia 
ore-body  is  a  pyritiferous  chloritic  schist  between  a  hanging-wall  of 
phylHtc  and  a  foot-wall  of  mica-schist,  in  which  occur  layers  of 
chloritic  schist,  also  carrying  gold,  as  the  main  body  docs.  The 
tunnel  intersects,  before  reaching  the  vein,  several  small  dikes  of 
felsite,  the  strike  of  which  is  the  same  as  that  of  the  ore-deposit. 
Two  ore-bodies  are  worked  by  the  company,  one  about  40  ioet,  and 
the  other  80  feet,  thick. 

I  consider  the  Belt,  as  a  whole,  to  be  a  particular  zone  of  slates 
and  schists,  in  which  there  are  many  lenses  and  shoots  of  ore.  These 
shoots  are  never  solid  bodies  of  pyrite,  as  in  the  Ramnu'lsberg,  but 
zones  i4npregnated  with  pyrite.  The  whole  thickness  of  the  beds  in 
which  these  ore-bodies  occur  is  about  2000  feet.  They  can  be  traced, 
I  believe,  throughout  the  entire  length  of  the  Archaan  rocks  in  the 
Hills,  and  are  gold-bearing  in  many  other  places  south  of  the  Belt. 
East  and  west  of  it,  the  slates  and  schists  forming  the  J3elt  pass  into 
quartzites,  whicii  may  be  regarded  as  the  hanging-  and  foot-walls 
proper  of  the  deposit.  A  line  drawn  upon  a  given  level  through 
the  ore-channel  or  shoots  constituting  the  Homestake,  Deadwood- 
Terra  and  De  Smet  ore-bodies  is  absolutely  straight,  showing  that 
though  these  shoots  vary  in  size,  they  all  lie  in  the  same  plane. 

Different  methods  of  mining  are  pursued  upon  the  Belt.  The 
surface-ores  are  worked  by  large  open  cuts,  and  at  a  minimum  cost ; 
but  as  the  depth  which  can  be  reached  by  this  method,  even  where 
the  deposit  is  from  150  to  200  feet  wide,  is  limited,  extensive  under- 
ground workings  exist  upon  all  the  mines  except  the  De  Sniet.  In 
the  Homestake  mines  the  ground,  as  fast  as  broken,  is  securely 
timbered  by  the  Nevada  "square  set"  and  filled  solidly  with  waste 
rock.  At  f  he  Caledonia,  no  timber  is  used,  the  ground  being  safely 
supjiorted  by  solid  pillars  and  worked  in  a  way  which  is  a  little 
diffeient  frou*  that  ordinarily  pursued  where  timbering  is  avoided. 


ORE-DEPOSITS    OF    THE    BLACK    HILLS    OF    DAKOTA. 


577 


The  method  is  original  with  the  able  superintendent,  General  Skinner, 
and  can  only  be  made  plain  by  drawings.  Ample  opportunity  was 
afforded  me  for  study;  but  the  results  are  reserved  for  a  future  paper 
upon  the  methods  of  mining  in  the  Black  Hills. 

Cost  of  3Ii7iing  at  the  Homestake. — For  the  year  ending  June  1st, 
1888,  the  cost  of  mining  at  the  Homestake,  including  the  "  mine" 
and  different  shafts,  as  figured  from  the  annual  report,  was  as  follows : 


Items. 


Amount 
expended. 


Cost  per 
ton. 


Labor 

Dead  work 

Supplies 

Powder 

Candles 

Machinery 

Oil .■ 

Timber 

Wood 

Coal 

Cost  of  niinins: 

Cost  of  milling* 

Total  cost  of  minins;  and  millin 


^265,266.51 

55,267.50 

13,413.08 

2,685.05 

4,123.75 

10,641.67 

3,098.90 

42,01009 

12,267.00 

997.80 


$1.0900 
0.2271 
0.0551 
0.0110 
0.0169 
0.0437 
0.0127 
0.1726 
0.0504 
0.0041 


$409,771.35 
202,951.27 


$1.6836 
0.8349 


$612,722.62 


$2.5185 


Leaving  out  the  dead -work  and  the  work  done  at  the  various 
shafts,  and  including  only  the  disbursements  at  the  mine  for  labor, 
supplies,  etc.,  there  was  expended  $336,596.31  which  gives  as  the 
cost  per  ton  of  ore  mined,  $1.38. 

There  were  mined  243,355  tons  of  ore,  which  yielded  in  gold, 
$3.68,  and  in  silver,  $0.03 ;  total,  $3.71  per  ton.  The  net  profit 
per  ton,  including  all  expenditures  was  !pl.l9. 

The  cost  of  mining  at  the  Highland  and  Dead  wood-Terra,  judging 
from  the  average  yield  of  the  ore,  must  have  been  very  much  less 
than  this.  ^  The  difference  is  probably  to  be  accounted  for  by  their 
greater  amount  of  open-cut  work. 

Other  Deposits. — Aside  from  the  Homestake,  other  deposits  of  this 
class  have  been  but  little  worked.  Numerous  beds  of  similar  pyri- 
tiferous  gold-bearing  schists  exist  throughout  the  Hills,  which,  so 
far  as  surface-indications  go,  cannot  be  distinguished  from  parts  of 
the  Homestake  belt.  In  early  days,  numerous  small  stamp-mills 
were  built;  but  from  various  causes  they  failed  to  pay.  If  the 
Homestake  were  worked  in  a  small  way,  it  also  would  not  pay.     It 

*  See  Prof.  Hofman's  paper  on  "Gold-Milling  in  the  Black  Hills,"  p.  498  of  the 
present  volume. 
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is  the  enormous  scale  ujion  wljicli  these  mines  are  worked,  thus 
reducing  everything  to  a  niinitnuin  cost,  that  enables  them  to  run  at 
a  pn)fit. 

That  deposits  carrying  free  gold  to  nearly  or  quite  the  same 
extent  as  some  of  the  Belt  mines  exist  in  other  parts  of  the  Hills,  is 
well  known.  Many  .samples,  not  ''specimens,"  were  taken  during 
the  progress  of  this  work,  which,  at  the  School  of  Mine.«<,  returned 
by  free-milling  te.'^ts  from  $2  to  $12  per  ton,  this  last  amount 
having  been  returned  from  claims  in  both  Custer  and  Pennington 
counties.  As  free-milling  ores  can  be  tested  by  any  miner  with  a 
common  mortar  and  pan,  we  did  not  devote  the  same  time  to  their 
examination  as  to  tho.se  ores  which  recju ire  more  technical  knowledge 
for  their  treatment.  These  last  deposits,  save  in  the  go.ssan  or  out- 
crop, show  little  or  no  free  gold.  Beyond  this,  they  do  not  differ 
from  the  deposits  already  described,  and,  like  them,  carry  ores  in 
immense  quantities.  If  they  can  be  successfully  treated,  the  gold- 
output  of  tiie  Hills  will  be  materially  increased. 

I  have  spent  much  time  in  the  study  of  these  refractory  ores.  If 
the  gold  was  in  the  sulj)huret,  I  saw  no  reason  why  it  might  not  be 
concentrated  to  a  valuable  product.  If  the.se  bodies  were  solid  pyrite, 
of  course  no  concentration  could  be  made.  If  in  small  veins,  the 
cost  of  mining  would  be  too  great,  for  their  value  .seldom  reaches 
$6  per  ton.  It  .seemed  that  a  hint  might  be  taken  from  tlie  large 
mines  of  the  Lake  Superior  i-egion,  where,  owing  to  the  great  quan- 
tity in  which  low-grade  copi)€r-ores  occur,  as  well  as  to  the  ease  with 
which  they  can  be  concentrated,  enormous  dividends  have  been  paid 
from  ores  worth  far  less,  as  they  are  broken  from  the  mine,  than 
those  of  which  I  speak.* 

*  The  Atlantic  copjier-niine  of  that  section  made  in  1885,  1886  and  1887,  the 
following  extraordinary  showing : 

The  rock  yielded  only  0.743  per  cent,  of  refined  copper,  and  was  treated  at  the 
following  cost  per  ton  : 


1885. 

1886. 

1887. 

Mining,  selecting,  breaking  and  all  surface  ex- 

Cents. 

78.62 

Cents. 

80.88 

3.48 

26.53 

24.25 

Cents. 

87.23 

3.80 

27.31 

23.07 

4.80 
30.36 

25.45 

Frei^lit,  BTuelting,   marketing  and  New   York 

139.23 
143.30 

135.14 
138.01 

141.41 
145.22 

22.05 

15.29 

30.53 
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Of  the  vast  quantity  of  these  pyrite  ores  there  was  no  doubt,  for 
the  beds  seldom  showed  less  than  50  feet  in  thiekness  and  could  be 
traced  for  thousands  of  feet.  Could  rook  yielding  less  than  S5 
in  gold,  not  free-milling,  be  made  to  pay?  In  the  study  of  the 
question,  the  results  obtained  were  not  always  satisfactory.  While 
we  have  in  the  metallurgical  laboratory  ample  machinery,  I  could 
not  treat  any  of  the  lots  upon  a  working-scale;  but  I  found  some 
deposits  which  might  be  made  to  give  profitable  employment  to 
hundreds  of  men.  Not  wishing  to  appear  to  be  advertising  par- 
ticular claims,  I  give  a  few  results,  only  omitting  names. 

One  deposit,  belonging  to  a  large  group  in  Pennington  county,  is 
more  than  100  feet  wide,  and  can  be  clearly  traced  for  4500  feet. 
The  ore  appears  to  be  a  hornblendic  schist,  which  in  places  gives 
place  to  a  mica-schist,  and  this  often  to  a  highly  plumbaginous  schist, 
the  character  of  which  has  not  been  definitely  determined.  These 
are  impregnated  with  ordinary  pyrite  and  arsenopyrite.  The  creek, 
for  some  distance  below  the*crossing  of  the  bed,  has  been  extensively 
worked  for  placer-gold,  which  I  believe  to  have  been  derived  from 
this  deposit.  Many  tests  were  made  from  different  parts  of  the  ore- 
bed,  with  good  results.  One  sample  from  the  main  workings, 
average  value  of  rock,  $6.19,  yielded  22.15  per  cent,  of  concentrates, 
assaying  $22.73,  of  which  $20.46  was  saved  by  chl or i nation.  That 
is,  4.51  tons  of  rock  yielded  one  ton  of  concentrates,  returning 
$20.46.  The  cost  of  mining,  transportation  to  mill,  taxes,  etc.,  for 
4.51  tons  of  rock  at  78.62  cents  per  ton  (same  as  at  "Atlantic" 
copper  mines)  would  be  $3.545 ;  of  concentration  for  4.51  tons  at 
30.36  cents,  $1.369 ;  of  -chlorination  per  ton  of  concentrates,  $7 ; 
incidentals,  exchange,  etc.,  $1 ;  total  cost  per  ton  of  concentrates, 
$12,914;  leaving  as  total  profit  on  one  ton  of  concentrates,  $7,546  ; 
or  on  one  ton  of  rock,  $1.67. 

In  another  instance,  mica-schist,  carrying  pyrite,  formed  a  zone 
50  feet  wide,,  adjoining  a  granitic  tin-vein.  The  rock  yielded  25 
per  cent,  concentrates,  worth  $43.40  per  ton. 

The  experinjents  made  upon  Custer  county  gold-ores  were  fre- 
quently very  satisfactory.  In  one  instance  of  exceptional  richness 
(mica-schist  with  pyrite),  the  value  of  rock  per  ton  was  $24.84;  per 
cent,  of  concentrates,  9.41  ;  value  per  ton  of  concentrates,  $142.56. 
A  sample  from  another  similar  deposit  gave  ore  assaying  $12 
and  concentrates  worth  $67  per  ton.  A  third  yielded  25  per  cent, 
of  concentrates,  worth  per  ton  $42.  A  fourth  (black  micaceous 
schist,  with   ar.senopyrite  in  a  zone   150  feet  wide),  yielded   rock. 
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I'j.lO  per  ton  ;  per  cent,  of  concentrates,  9.40;  value  of  concentrates, 
^17.56  per  ton.  This  should  have  been,  with  good  concentration, 
very  nuich  greater.  I  am  unable  to  account  for  the  loss;  but,  not- 
withstanding this,  the  size  of  the  deposit,  the  facility  for  working, 
etc.,  would  yet  leave  a  })r()fit.  The  belt  probably  extends  through 
the  county,  if  not  the  Hills,  and  is  believed  to  be  a  continuation  of 
the  zone  from  which  the  first  Pennington  county  saiuple  above  was 
taken. 

Prof.  Hofman's  paj)er,  already  referred  to,  gives  particulars  con- 
cerning the  Homestake  concentrates. 

A  well-known  mine,  now  not  worked,  was  investigated  with  the  fol- 
lowing result :  large  qnantities  of  ore  are  exposed  in  this  mine,  which 
has  been  worked  intermittently  for  free  gold  for  the  past  seven  or 
eight  years.-  After  the  free  gold  was  extracted,  I  found  the  ore 
yielded  10  per  cent,  of  concentrates,  which  averaged  $17  in  gold 
per  ton.  The  free  gold  formerly  saved  paid  for  all  development 
and  running  expenses.  The  amount  received  from  the  concentrates, 
after  deducting  the  cost  of  chlorination,  should  be  clear  profit. 
From  a  careful  survey  and  examination,  I  estimated  that  the  open- 
ing of  another  level  would  add  §300,000  to  the  amount  of  ore  in 
sight,  one-third  of  which  should  be  clear  profit. 

It  is  the  intention  of  the  School  of  Mines  management  to  devote 
the  coming  season  to  the  further  survey  and  study  of  the  deposits  of 
this  class.  I  am  satisfied,  from  the  work  of  the  past  seasons,  that 
these  ores  will  pay  to  work  in  the  manner  indicated,  viz.,  by  con- 
centration and  chlorination,  and  upon  a  scale  at  present  little  imag- 
ined. The  enormous  quantities  in  which  they  are  found  may  entitle 
them  to  rank  with  the  great  mines  of  the  country,  such  as  the  Lake 
copper  mines  or  the  Homestake  enterprises. 

III.  Segeegated  Quartz- Veins. 

There  are  numerous  gold-bearing  quartz-veins  parallel  to  the  bed- 
ding, which  may  be  called  segregated  veins.  The  gold  occurs  free 
in  a  vitreous  quartz,  often  in  quite  large  pieces,  and  accom])anied 
with  little  or  no  sulphurets.  Four  men,  who  have,  with  a  small  5- 
stamp  mill  and  without  ca})ital,  operated  a  vein  of  this  sort  during 
the  past  year,  estimate  that  tluy  expended  altogether  35G  days'  labor, 
worth,  at  $3  per  day,  §1068.  They  have  had  eight  clean-ups, 
which  netted  them  $3383,  leaving  a  profit  of  .^2315.  Average 
samples  of  their  ore  assayed  at  the  School  of  Mines  §^2.75. 
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IV.   Copper. 

Numerous  and  extensive,  but  undeveloped,  copper-deposits  are 
found  in  botli  the  eastern  and  western  series  of  Arehsean  rocks — the 
richer  apparently  being  in  the  latter.  They  show  a  copper-stained 
gossan  from  50  to  500  feet  wide.  This  is  a  surface-accumulation 
of  copper  leached  from  below  (?)  and  deposited  near  the  surface. 
Where  the  out-crops  or  backs  of  these  ore-beds  disappear  beneath 
the  Potsdam,  it,  also,  is  often  copper-bearing,  clearly  deriving  this 
metal  as  a  secondary  deposition  from  the  beds  below. 

At  the  Blue  Lead  there  is  a  great  quantity  of  these  gossan  ores. 
In  sinking  through  them  the  miners  reached  a  leached,  decomposed 
portion  of  the  bed,  but  no  one  has  yet  gone  far  enough  to  tell  what 
lies  below  this.  Probably  after  passing  the  decom|K)sed  part,  a  local 
enrichment  will  be  found,  as  in  the  famous  Ducktown  dejwsits,  rest- 
ing upon  the  unaltered  portion  below ;  and  beneath  this,  the  ores 
will  consist  of  pyrite  or  pyrrhotite,  in  which  there  will  be  mixed  a 
percentage  of  cop|)er  pyrites.  The  value  of  these  deposits  will  1>e 
directly  proportioned  to  this  percentage  of  chalcopyrite.  They  will 
also  be  found  to  be  distinctly  nickeliferous.  These  points  I  have 
determined  by  tracing  the  veins  down  to  the  creek-beds,  where  they 
are  less  decomposed.  They  may  also  be  found  to  carry  gold,  as  the 
creeks  below  several  of  them  have  yielded  gulch-gold. 

There  is  enough  of  this  surface-copper  (malachite,  red  oxide,  native 
copper  and  copper  glance)  to  justify  the  erection  of  a  water-jacket 
smelter  at  some  convenient  point.  The  average  tenor  of  these  ores, 
as  assayed  at  the  School  of  Mines,  is  about  35  per  cent,  copper. 
Such  ore  would  also  pay  to  ship.  I  know  from  |)ersonal  examina- 
tion that  many  thousand  tons  of  these  surface-ores  can  be  had,  and 
miners  now  out  of  employment,  by  carefully  sorting  these  ores,  can 
make  far  more  than  ordinary  wages.  In  their  unaltered  parts  the 
deposits  show  all  the  peculiarities  of  the  Homestake  vein,  as  regards 
size,  carbonaceous  matter,  structure,  cleavage,  etc.  I  regard  them 
as  ore-beds  of  the  Typus  Kieslager,  according  to  the  classification  of 
Groddeck. 

Ultimately  they  will  be  valuable,  and  will  be  sought  after.  At 
present  the  surface-ore  can  be  profitably  worked.  In  these  gossans 
the  oxide-ores  are  clearly  derived  from  native  copper.  This  was 
derived  from  tlie  sulphide-ores  beneath  and  deposited  at  the  surface 
as  native  copper.  In  breaking  a  piece  of  the  ore  there  is  often 
found  a  nucleus  of  native  copper,  surrounded  by  red  oxide,  showing 


582  ORK-DEroSITS    OF   THE    BLACK    JIJLLS   OF    DAKOTA. 

that  the  latter  was  derived  from  the  former.     ^Vhell   the  ores  are 
wholly  red  oxide,  I  judge  their  origin  to  have  been  the  same. 

There  is  a  copper-deposit  of  a  different  class  upon  Box  Elder 
creek.  Its  value  is  likewise  undetermined.  It  consists  of  a  beltof 
lime  and  magnesian  rocks,  through  which  are  scattered,  in  the  most 
irregular  manner,  galena,  chalcopyrite,  ilmenite,  graphite  and  jjyrite. 
Chalcopyrite  is  the  most  common  mineral,  and  galena  })robably  th^ 
second  in  prominence.  The  deposit  carries  gold  also  in  appreciable 
quantities.  The  belt  of  lime  and  magnesian  rocks  is  said  to  be  800 
to  1000  feet  wide.  Its  economic  value  needs  further  study.  Its 
value,  if  it  has  any,  will  i)robably  be  found  in  the  gold. 

V.  Nickel. 

This  occurs  in  the  beds  of  pyrrhotite  above  mentioned.  It  is 
always  associated  with  copper.  The  claims  most  studied  are  upon 
Spring  creek.  I  think  I  may  safely  say  that  there  is  no  body 
of  magnetic  pyrites  in  the  Hills  which  does  not  carry  nickel.  The 
average  of  our  assays  is  li  per  cent.,  though  samples  carrying  8  per 
cent,  have  been  found. 

VI.  Contact-Deposits. 

Geno'al  Description  and  Extent. — These  deposits  are  found  in  the 
Palaeozoic  rocks  in  Ruby  basin  and  Bald  mountain,  at  Galena  and 
Carbonate.  The  former  are  mainly  gold-bearing,  while  the  latter 
yield  silver  and  lead.  They  cover  a  large  area — larger  than  is 
generally  supposed — and  must  soon  become  important  ore-producers. 
The  ore-bodies  are  not  continuous,  but  occur  in  shoots.  In  the  first 
mentioned  districts  the  shoots  have  great  linear  extent.  They  vary 
in  thickness  from  a  few  inches  to  ten  feet  or  more.  Many  hundreds 
of  claims  showing  mineral  have  been  staked  and  recorded.  The 
value  of  the  ore  varies.  Some  of  the  ore-bodies  will  not  average 
over  $15,  while  others  exceed  $60,  per  ton.  From  $20  to  $25  may 
be  taken  as  a  fair  mean. 

These  mines  are  about  nine  miles  from  the  city  of  Dcadwood,  at 
which  place  a  leaching-plant  for  the  treatment  of  the  ores  is  now  in 
process  of  erection. 

At  Galena  the  ore-bodies  are  of  equal  promise,  but  of  a  different 
character,  carrying  silver  and  lead  instead  of  gold.  Two  smelters 
have  been  erected  in  the  camp  and  run  from  time  to  time;  but  dis- 
tance from  coke  and  other  su|)})lies  has  heretofore  rendered  smelting 
expensive.     The  near  approach  of  the  railroad  is  believed  to  have 
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SO  reduced  the  cost  that  the  camp  will  in  future  be  a  steady  producer 
of  lead  and  silver. 

These  contact-ores  are  found  only  in  connection  with  the  igneous 
intrusions.  The  gold-ores  are  found  in  the  vicinity  of  Terry's  peak 
and  Bald  mountain,  where  outliers  of  the  Potsdam  rocks  yet  remain. 
The  inference  is  fair  that  the  rocks  once  connecting  these  outliers 
were  also  mineral-bearing,  and  that  in  the  Potsdam,  beneath  the  yet 
unremoved  Carboniferous  beds,  will  be  found  ores  also — at  least  so 
far  as  the  igneous  intrusions  continue.  Owing  to  the  durable  nature 
of  the  upper  parts  of  the  Carboniferous  limestone,  forming,  as  it  does, 
nearly  vertical  walls,  the  underlying  Potsdam  at  its  base  is  usually 
concealed  by  a  talus,  making  it  difficult  to  prospect;  but  by  many 
trips  down  the  almost  unexplored  canons  south  of  Spearfish,  and 
east  and  north  of  Galena,  I  was  enabled  to  draw  a  reasonably  sure 
conclusion  that  the  ore-bearing  rocks  of  these  sections  have  a  far 
greater  extent  than  has  yet  been  suspected. 

At  Galena,  the  miner  sees  only  the  outcrop  of  these  ores.  They 
dip  eastward  with  the  enclosing  rocks  at  about  16°  below  the  horizon. 
After  leaving  Bear  Butte  creek,  no  other  streams  cut  through  to  the 
level  of  the  mineralized  portions.  The  questions  then  occur.  How 
far  will  these  rocks  prove  ore-bearing  ?  Would  a  shaft  sunk  upon 
the  territory  lying  between  the  village  of  Galena  and  the  plains 
beyond  prove  it  to  be  ore-bearing  ? 

North  and  south  of  Bear  Butte  creek,  there  is  an  area  of  nearly 
fifty  square  miles,  where  the  igneous  rocks  occur  in  exactly  the  same 
relation  to  the  Potsdam  as  at  Galena.  The  streams  of  this  area 
sometimes  cut  through  to  the  igneous  sheets  between  the  Potsdam 
rocks,  enabling  one  to  see  this  relation,  while  vertical  dikes  rise  iu 
many  places  to  the  surface.  I  believe  that  shafts,  sunk  to  the  Pots- 
dam anywhere  in  this  section,  would  be  likely  to  intercept  ore. 
West  of  Terry's  peak  and  Bald  mountain,  the  same  condition  occurs 
throughout  a  much  larger  area,  extending  to  the  Wyoming  side  of 
the  Hills,  where  similar  ores  are  known  to  exist.  In  this  area  a 
number  of  streams  cut  through  to  the  Archtean.  Upon  a  few  of 
these  I  found  ores  similar  to  those  of  Bald  mountain  and  Ruby 
basin.  Almost  any  of  the  small  streams,  like  Cold  creek,  that  flow 
into  Spearfish  creek  from  the  east,  will  show  evidence  of  these  de- 
posits, and  should  be  prospected  more  thoroughly.  After  a  thorough 
examination,  I  am  convinced  that  not  a  tenth  of  the  area  in  which 
these  ores  occur  has  yet  been  located. 

This  section,  as  well  as  that  east  of  Bear  Butte,  is  overlain  by  the 
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Carbon Ifcrons  llniostoiic.  AVlicrc  the  dikes  above  referred  to  cut 
tlirDUgli  this  limestono,  ('()iitaot-(le|)()sits  of  a  different  character 
occur.  They  approximate,  nioi-e  or  less,  a  vertical  position,  and  the 
Iron  Hill  mine  may  be  taken  as  a  type.  The  ore-bodies,  carryin<»; 
galena  and  carbonate  of  lead  clearly  derived  from  galena,  are  found 
adjoining  the  porphyry,  where  it  cuts  through  the  limestone.  They 
differ  from  the  ore-bodies  at  Galena,  in  that  they  are  larger,  and  cut 
across  the  bedding,  while  the  former  are  parallel  to  it ;  but  they  are 
none  the  less  contact-deposits. 

At  Iron  Hill  the  Potsdam  rocks  can  be  seen,  forming  the  bed  of 
Cold  creek  ;  and  between  them  and  the  Carboniferous  limestone,  in 
which  the  Iron  Hill  ore-deposit  occurs,  is  an  immense  horizontal 
sheet  of  porphyry,  differing  in  no  way  in  appearance  from  the  verti- 
cal dike  in  the  Iron  Hill  mine.  Beneath  this  sheet,  however,  the 
Potsdam  rocks  are  gold-bearing,  while  the  deposits  in  the  immediate 
overlying  limestone  are  silver-  and  lead-bearing.  It  seems  as 
though  the  same  sheet  had  caused  in  one  series  of  rocks  accumula- 
tions of  ffold-ore,  and  in  the  other  accumulations  of  silver-ore.  This 
fact  may  have  a  bearing  upon  the  manner  iii  which  these  ore- 
deposits  are  formed.     I  shall  recur  to  it  presently. 

Dikes,  such  as  the  one  connected  with  the  Iron  Hill  deposits,  are 
common  in  the  area  east  of  Galena,  where  they  likewise  cut  through 
the  Carboniferous  limestone.  Adjoining  these  dikes,  is  frequently 
the  "  liver-colored  rock  "  which  formed  the  gossan  or  outcrop  of 
the  Iron  Hill  mine.  Samples  of  rock  from  these  gossans,  collected 
by  me,  assayed  from  three  to  ten  ounces  per  ton  in  silver.  I  hazard 
the  prediction  that  ore-bodies  similar  to  the  Iron  Hill  will  yet  be 
found  there,  as  well  as  the  continuation  of  the  Galena  deposits  in  the 
Potsdam  beneath,  of  which  I  have  already  spoken. 

Before  the  overlying  rocks  had  been  removed,  we  may  imagine 
that  the  Galena  and  Bald  mountain  sections  presented  the  same 
appearance  as  these  adjoining  areas  do  to-day  ;  and,  had  the  pros- 
pector then  been  there,  he  would  have  seen  as  little  of  what  lay  be- 
neath as  he  can  now  see  in  the  area  under  consideration.  Since  then, 
however,  the  streams  have  cut  through  the  Archsean  rocks  at  Galena, 
laying  bare,  in  their  course,  the  outcrop  of  the  lower  Potsdam  rocks, 
and  enai^ling  us  to  study  the  occurrence  of  ore,  from  which  we 
should  be  able  to  conclude  how  far  the  ore-bearing  rocks  are  likely 
to  extend.  I  venture  the  opinion  that  they  are  co-extensive  with 
the  intruded  igneous  rocks.  The  question  could  probably  be  settled 
by  borings,  without  the  expense  of  a  shaft. 
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The  Ore-Bodies  of  the  Potsdam. — These  occur  principally  along 
the  bedding- planes  of  the  rocks;  but  deposits  are  also  found  occupy- 
ing the  vertical  joint-planes,  as  well  as  impregnating  the  quartzite, 
by  replacing  the  ceraenting-material  of  the  original  sandstone.  They 
are  found  in  such  close  relation  with  the  igneous  rocks  as  to  force 
the  conclusion  that  tiiey  owe  their  origin  to  these  rocks.  At  Ruby 
basin  and  Bald  mountain  they  usually  impregnate  distinct  zones  of 
the  quartzite  at  different  levels  in  the  formation.  The  most  favorable 
position  seems  to  be  upon,  or  in,  the  upper  ])arts  of  the  quartzite 
forming  the  basal  member  of  the  group.  Owing  to  the  removal  of 
the  overlying  rocks,  many  of  the  ore-bodies  are  so  thinly  covei'ed 
that  the  original  pyrite  has  been  oxidized.  That  the  iron  oxide  now 
forming  from  10  to  20  per  cent,  of  the  ore-body  was  derived  from 
pyrite,  there  seems  to  be  no  doubt.  In  the  deeper  workings,  a  pecu- 
liar bluish  quartzite  constitutes  the  ore.  Under  the  microscope,  this 
is  seen  to  be  composed  of  rounded  grains  of  silica,  imbedded  in  a 
siliceous  paste,  which  carries  very  finely  divided  pyrite,  and  clearly 
occupies  the  spaces  between  the  grains  of  quartz  composing  the 
original  sandstone.  It  was  deposited  metasomatically,  replacing  the 
former  calcareous  cement ;  that  is,  particle  by  particle,  as  the  origi- 
nal cement  was  dissolved  out,  it  was  replaced  by  the  silica-pyrite 
cement.  The  solutions  which  wrought  this  change  brought  also  the 
gold  and  silver.  From  the  description  I  have  given,  it  will  be  seen 
that  these  deposits  do  not,  in  the  ordinary  sense,  fill  ])re-existing 
cavities. 

These  ores  are,  in  some  sections,  almost  exclusively  gold-bearing  ; 
in  others,  they  carry  partly  gold  and  partly  silver,  and  again  in 
other  places  the  silver  predominates.  They  fill  not  only  the  spaces 
between  the  grains  of  quartz,  but  occur  in  large  bodies,  replacing 
the  beds  of  lime-shales  sometimes  occurring  in  the  Potsdam.  Tiiis 
last  is  the  mode  in  which  the  deposits  at  Galena  occur.  It  seems 
as  though  the  porphyry  at  Bald  mountain  brought  mainly  gold;  at 
Ruby  basin,  a  few  miles  distant,  gold  and  silver  in  nearly  equal 
quantities;  while  at  Galena,  twelve  miles  distant,  silver-lead  pre- 
dominates. In  the  same  section  the  proportion  of  gold  is  greater  in 
the' lower  contact,  while  in  the  upper  it  gives  place  to  silver.  That 
is,  broadly  speaking,  gold  predominates  in  the  quartzite,  but  gives 
place  to  silver  as  we  approach  the  more  calcareous  portions  forming 
the  upper  parts  of  the  Potsdam  ;  while  in  the  massive  limestone 
such  ore-bodies  as  are  found,  like  the  Iron  Hill,  carry  exclusively 
lead  and  silver;  yet  the  porphyry  is  in  all  instances  the  same. 
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The  majority  of  the  conclusions  of  Mr.  Emmons  concerning  the 
Leadville  dejiosits  will  apply  to  the  Black  Hills  contact-dejinsits. 
There  is  no  doubt  that  they  were  derived  from  aqueous  solu- 
tions, and  that  they  were  orii^inally  (le|)ositcd  as  sulphides.  They 
do  not  fill  pre-existing  cavities,  and  were  deposited  by  a  metasomatic 
interchange.  At  Galena  the  ores  are  mainly  argentiferous  galena, 
antl  the  solutions  followed  by  preference  certain  bedding-])lanes, 
which  in  this  case  were  upon  the  quartzite  and  in  the  lime-shales  of 
the  Potsdam.  At  Ruby  basin  and  Bald  mountain  the  ores  were 
deposited  usually  in  the  quartzite  itself. 

The  connection  between  the  overlying  pori)hyries  and  the  ore- 
deposits  is  most  intimate;  where  the  one  is  wanting,  the  other  is 
absent  also.  As  at  Leadville,  ore  is  sometimes  found  without  the 
overlying  porphyry  sheet,  but  an  examination  always  reveals  the 
fact  that  it  has  been  present,  but  has  been  eroded. 

That  the  ores  were  derived  from  these  igneous  rocks,  is  not  so 
plain.  At  first  I  accepted  the  view  of  Emmons  in  this  particular 
also,  and  I  am  still  inclined  to  hold  it  so  far  as  the  silver-lead 
deposits  are  concerned  ;  but  I  doubt  whether  all  the  gold  was  so 
derived. 

I  have  described  the  formation  of  the  Potsdam,  how  it  was  built 
from  the  ruins  of  the  Archaean,  and  its  contained  gold.  The  intru- 
sion of  molten  rock,  we  may  believe,  was  accompanied  by  or  fol- 
lowed by  hot  waters,  and  gave  rise  to  thermal  springs  of  long  dura- 
tion. They  furnished  the  hot  alkaline  solutions  which  dissolved 
the  gold  from  the  Potsdam  and  redeposited  it  in  certain  favorable 
localities.  This  favorable  position  seems  to  have  been  beneath  these 
sheets,  and  as  I  have  said,  in  the  calcareous  portions  of  the  Potsdam, 
usually  at  or  near  the  stratification  planes  of  the  lime-shales  and 
quartzite.  Assays  of  the  most  widely  separated  portions  of  the 
Potsdam,  and  remote  from  the  locus  of  igneous  rocks,  invariably 
return  appreciable  amounts  of  both  gold  and  silver.  Here  my 
results  are  different  from  those  obtained  by  Emmons  at  Leadville. 
The  crystalline  schists  below  have  nearly  always  shown  gold.  Now 
the  effect  of  the  porphyry  sheet  may  have  been  only  to  give  rise  to 
the  hot  solutions  necessary  to  collect  and  redeposit  this  gold  and 
silver  in  an  available  form.  The  slates  beneath  the  Potsdam  at 
Galena  show,  in  addition  to  silver  and  gold,  galena  also.  This  may 
be  seen  in  Haley's  tunnel,  and  in  the  Oro  Fino  mine,  which  last  was 
clearly  formed  by  solfataric  action  of  the  waters  coming  from  below, 
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and,  although  not  a  contact-deposit,  will  be  described  here  for  the 
bearing  it  has  upon  the  question  now  under  consideration. 

The  Oro  Fino  deposit  is  found  in  the  Archaean  rocks  near  the 
overlying  contact-deposits  of  Galena.  It  consists  of  a  crater  or  well- 
like depression,  with  nearly  vertical  walls,  filled  with  a  breccia 
which  has  been  already  proved  to  a  depth  of  235  feet.  The  cavity 
has  a  diameter  of  150  feet.  The  breccia-filling;  consists  of  angular 
and  worn  fragments  of  slates,  qnartzites  and  porphyries,  varying 
from  a  few  inches  to  more  than  a  foot  in  diameter,  and  firmly 
cemented  together  by  sulphides,  usually  pyrite  or  galena  and 
blende.  The  pyrite  is  most  abundant,  and  galena  next.  A  felsite 
forms  one  side  of  the  crater.  This  deposit  was  formed  from  solutions 
from  below. 

Now  the  overlying  contact-deposits  carry  the  same  association  of 
minerals,  viz.,  galena,  blende  and  pyrite.  Apj)arently  the  solutions 
which  formed  the  Oro  Fino  and  these  deposits  are  both  derived  from 
the  same  source.  As  the  slates  contain  many  dikes  of  porphyry 
similar  to  the  intrusive  sheets  above  (in  fact,  frequently  the  same 
dike  cuts  indifferently  the  slates  and  the  Potsdam)  the  porphyry  may 
have  been  in  both  instances  the  source  of  the  minerals.  It  is,  however, 
not  necessary  to  assay  the  porphyry,  for  both  blende  and  galena  can 
be  seen  in  it  in  well-defined  crystals  (never  pseudomorphous),  while 
pyrite  is  seldom,  if  ever,  absent;  but  whether  these  minerals  were 
derived  from  the  surrounding  rocks  and  deposited  in  the  porphyry, 
or  viee  versa,  is  a  question.  The  evidence  points  to  the  view  that  they 
were  an  original  constituent  of  the  porphyry  and  came  with  it  from 
below,  and  that  all  the  minerals  crystallized  from  the  same  magma. 
Assays  of  it  always  show  gold.  Three  distinct  "contacts"  or 
levels  occur  at  Galena  at  which  ore  is  found.  They  all  show  prac- 
tically the  same  characteristics.  There  is  always  a  bed  of  quartzite 
upon  which  the  ore  is  found,  replacing  parts  of  the  thin  beds  of  lime- 
shales;  and  over  it,  but  not  always  in  immediate  contact,  is  a  sheet 
of  porphyry.  The  porphyry  occurs  in  thin,  irregular  sheets,  which 
have  been  forced  between  the  beds,  and  which  are  sometimes  seen  to 
be  connected  with  dikes  disappearing  in  the  Archaean  beneath.  No 
ore-bodies  have  yet  been  found  to  pa.ss  from  the  horizontal  deposits 
into  the  Archtean,  and  from  their  formation  I  venture  the  opinion 
that  none  will  be  so  found.  The  ArchsKan  has  its  own  deposits  of 
an  entirely  different  character. 

Undoubtedly  the  ores  were  originally  sulphides.  The  out-crop  of 
the  Galena  deposits  is  almost  invariably  lead  and  iron  carbonate  carry- 
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ing  silver,  but  the  deptli  at  whioli  this  changes  to  sulpliide  is  found 
to  vary  with  the  position  of  the  deposit.  In  the  lower  contact,  near 
the  creek,  the  altered  portions  are  soon  ]iassed,  while  in  the  upper 
deposits  the  carbonate  is  found  to  coutiiiue  tf>  very  nuich  greater 
depths,  because  the  upper  parts  have  been  much  longer  exposed  to 
atmospheric  influences.  In  every  case  where  the  parts  uninfluenced 
by  these  agencies  have  been  reached,  the  iron  and  lead  carbonates 
give  place  to  ])yrite  and  to  galena  and  blende,  thus  indicating  that 
these  ores  originally  composed  the  whole  deposit.  As  at  Lead vi He, 
the  minerals  were  brought  in  as  sulphides.  I  believe,  also,  that  they 
were  deposited  at  great  depths;  that  is,  before  the  Carboniferous, 
Triassic,  Jurassic  and  Cretaceous  rocks  which  formerly  overlay  this 
section  were  removed.  As  they  were  formed  subsequent  to  the 
intrusion  of  the  igneous  rocks,  they  have  been  deposited  since  the 
close  of  the  Cretaceous,  but  probably  before  the  beginning  of  the 
Miocene,  as  these  rocks  were  injected  and  the  Hills  laid  bare  to 
the  Archrean  during  that  interval.  I  do  not  include  the  Laramie 
with  the  Cretaceous. 

VII.   Metallurgical  Treatment. 

The  galena  ores,  of  course,  offer  no  difficulty  in  treatment.  At 
Iron  Hill  they  were  smelted  without  difficulty.  In  Galena  there 
are  two  smelters  which  have  run  intermittently  upon  these  ores. 

The  quartzite  gold-ores  of  Iluby  basin  and  Bald  mountain  seem 
to  have  offered  real  difficulties  in  treatment.  All  attempts  at  work- 
ing them  have  heretofore  failed.  Amalgamation  by  a  modification 
of  the  Washoe  ])rocess  was  first  proposed.  After  this  the  use  ot 
bromine  was  tried,  with  partial  success,  the  loss  being,  as  I  am 
informed,  mainly  in  the  silver;  but  the  amount  saved  was  not 
sufficient  to  make  it  as  profitable  to  treat  these  ores  as  to  ship 
them  to  Omaha.  The  bromine  process,  as  introduced  by  Mr.  Perry 
Ankeny,  seems  to  have  had  real  merit  in  it,  and  should  have  suc- 
ceeded. 

The  subject  was  then  taken  up  anew  by  the  Dakota  School  of 
Mines,  where  the  ordinary  Plattner  process  was  tried  with  fair 
results,  though  only  in  a  small  way. 

VIII.  Tin  in  the  Black  Hills. 
Discover)/. — The  existence  of  tin  in    the   Black   Hills  has  been 
known  from  the  year  1877,  when  it  was  recognized  by  Mr.  Richard 
Pearcc  of  Argo.     He  determined  the  black  sand  in  some  gulch-gold 
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sent  him  from  the  Black  Hills  to  be  cassiterite.  The  announcement 
made  at  the  time  attracted,  however,  little  or  no  attention.  The 
practical  discovery  dates  from  the  year  1883,  and  the  credit  un- 
doubtedly belongs  to  Major  A.  J.  Simmons,  of  Rapid  City,  who 
proved  the  matter  at  his  own  expense.  Samples  of  the  ore  Nvere 
sent  to  San  Francisco,  and  Prof.  W.  P.  Blake  was  employed  to  in- 
vestigate it.  A  short  preliminary  notice  was  made  of  the  discovery 
and  associated  minerals  in  the  American  Journal  of  Science  for 
September,  1883,  by  Prof  Blake,  who  published  a  more  extended 
notice  in  the  columns  of  the  Engineering  and  Minirtg  JoMr?i«/ during 
the  same  month. 

General  Features. — The  known  area  of  tin-bearing  rocks  has 
constantly  been  enlarged,  and  it  now  entirely  surrounds  Harney's 
peak,  and  extends  into  the  smaller  granite  areas  lying  to  the  west 
and  south  of  Custer  City,  as  well  as  entirely  throughout  the  small 
Archfean  area,  west  of  Deadwood,  known  as  the  Nigger  Hill  district, 
only  a  part  of  which  is  shown  upon  the  map,  for  the  reason  that  it 
extends  into  Wyoming. 

The  latter  region  differs  from  that  of  Harney's  peak,  inasmuch  as 
it  contains  both  the  igneous  rocks  of  the  Tertiary  age  and  the  granitic 
rocks  common  to  the  Harney  Peak  region.  The  tin-veins  are  gold- 
bearing,  the  gold  probably  being  carried  in  the  pyrite  which  some- 
times accompam'es  the  cassiterite.  This  section  has  been  worked 
continuously  for  placer  gold  since  its  discovery  in  1875.  The  miners 
have  always  been  troubled  with  a  black  sand,  which  filled  the 
riffles  of  their  sluice-boxes  to  such  an  extent  as  to  be  a  positive 
nuisance.  It  was  commonly  called  "iron,"  and,  notwithstanding 
the  note  of  Mr.  Pearce,  its  true  nature  seems  to  have  been  un- 
suspected by  the  miners  until  after  the  discovery  of  tin  at  the  Etta 
mine.  It  was  then  found  that  the  troublesome  black  sand  was  tin- 
ore  of  good  quality.  Mr.  S.  F.  Molitor,  an  assayer  of  Deadwood, 
and  Mr.  Mark  Hydliff,  of  Bear  Gulch,  both  early  called  attention 
to  this  locality.  The  tin-bearing  rocks  are  partly  in  Dakota  and 
partly  in  Wyoming.  The  whole  section  is  easily  reached  from 
Spearfish. 

From  the  manner  in  which  the  Potsdam  rocks  were  laid  down, 
there  is  every  reason  to  suspect,  not  only  that  they  are,  in  this  area, 
gold-bearing,  but  that,  since  these  tin-veins  are  of  Archaean 
age,  the  conglomerate  forming  the  base  of  the  Potsdam  contains 
tin  also.  This  did  not  occur  to  me  at  the  time  of  my  visit,  and  I 
have  had  no  chance  to  test  the  question  since.     As  the  presejit  streams 
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have  liardly  begun  to  cut  into  the  Arch.-ean  rocks  of  the  section, 
the  phieer-goUl  and  the  hirge  (luantities  of  stream-tin  found  liere  can 
hardly  have  been  freed  from  the  veins  by  the  action  of  the  streams 
since  the  Cambrian  beds  were  removed.  It  is  not  unlikely  that  both 
the  gold  and  the  stream-tin,  in  part  at  least,  were  derived  from  tiie 
Potsdam  rocks,  which  of  course  received  both  from  the  great  Archrean 
veins,  (hiring  the  erosion  of  the  slates  that  took  place  in  Cambrian 
time. 

])Ut  Utile  gulch-mining  has  been  done  in  the  Harney  Peak  region, 
and,  perhaps  for  this  reason,  stream-tin  has  not  been  found  to  the 
same  extent  as  in  other  sections.  Mr.  McDermot,  the  only  person 
engaged  in  placer-mining  in  the  district,  so  far  as  the  writer  knows, 
has  found  in  his  sluices  considerable  quantities  of  stream-tin,  a  bag 
of  which  was  taken  to  the  School  of  jNIines,  and  there  run  into  bars. 

The  tin-area  of  the  Hills  is  naturally  divided  into  two  localities 
— the  Nigger  Hill  or  Bear  Gulch  district  and  the  Harney  Peak  and 
Custer  City  districts.  The  granite  rocks  of  each  locality  continue  to 
be  tin-bearing  until  they  disappear  beneath  the  yet  unremoved 
Palffiozoic  rocks. 

Character  of  the  Veins. — These  veins  have  been  classed  by  Newton 
and  Jenney  (who,  however,  did  not  observe  their  stanniferous  char- 
acter), Blake,  Vincent  and  others  as  igneous  or  intrusive  granites; 
but  they  seem  to  be  true  veins  of  the  segregated  type,  parallel  to 
the  apparent  bedding.  Usually  they  are  distinctly  lens-sha[)ed,  but 
from  a  standpoint  upon  any  one  lens,  a  succession  of  such  lenses 
can  be  observed  upon  (he  line  of  the  strike.  The  same  will  doubt- 
less prove  true  upon  the  dip.  jNIany  of  them,  however,  are  tabular 
in  form,  and  can  be  traced  ibr  thousands  of  feet.  This  is  true  of  the 
First  Find,  Champion,  Tin  Reef,  Cleveland  and  many  others.  The 
Margaret  lode  can  be  traced,  with  but  few  interruptions,  from 
Battle  creek  to  Iron  creek,  a  distance  of  over  6000  feet. 

The  line  of  demarcation  between  the  granite  vein-matter  and  the 
enclosing  schists  is  always  sharp  and  well-defined.  There  is  never 
any  shading  or  blending  of  the  two.  The  deposits  vary  as  much  in 
breadth  as  in  length.  Some  are  only  a  few  inches  thick,  while 
others  exceed  100  feet.  The  amount  of  cassiterite  also  varies.  It 
is  never  evenly  distributed  throughout  the  veins  from  wail  to  wall, 
but  lies  in  zones  or  sheets.  Except  their  usual  parallelism  to  the 
bedding,  these  veins  have  all  the  characteristics  of  true  fissures;  and 
two  have  been  observed  which  cut  across  the  stratification. 

The  tin-bearing  veins  differ  much  among  themselves;  and  even 
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the  same  vein  often  completely  changes  its  character  in  a  short  dis- 
tance. Nearly  always,  when  tin  is  present,  one  of  the  constituents 
of  granite  is  wanting,  and  the  vein-matter  is  composed  of  quartz 
and  mica  alone,  or  of  an  aggregate  of  soda-feldspar  and  mica,  which, 
for  want  of  a  better  name,  has  been  called  albitic  greiscn.  At  other 
times  the  veins  consist  almost  entirely  of  a  massive  pinkish  feldspar, 
and  again,  not  infrequently,  of  quartz  alone. 

The  Etta  vein  shows  some  peculiarities.*  It  is  columnar,  so  to 
speak,  in  form.  In  cross-section  it  is  roughly  an  oval,  having  re- 
spectively the  diameters  of  150  and  200  feet.  The  arrangement  of 
minerals  is  somewhat  concentric.  The  central  portion  or  core  is 
quartz  and  feldspar,  around  which  is  a  zone  of  albite  and  mrca, 
carrying  tin-stone  in  considerable  quantities.  Then  comes  a  zone 
surrounding  this,  noted  for  its  large  and  perfectly  formed  crystals  of 
spodumene,  ten,  twenty  and  even  thirty  feet  in  length.  The  inter- 
stices between  these  crystals  are  filled  with  an  aggregation  of  albite 
also  carrying  tin-stone,  but  in  a  more  massive  form  than  the  zone 
just  within.  Between  the  spodumene  zone  and  the  enclosing  mica- 
schist  there  is  a  micaceous  aggregate  composed  of  both  muscovite 
and  biotite,  but  barren  of  cassiterite. 

The  spodumenes,  probably  the  largest  and  best- formed  crystals  of 
this  mineral  species  ever  reported,  are  not  peculiar  to  the  Etta  alone, 
but  are  found  at  the  Tin  Mountain  mine,  six  miles  west  of  Custer 
City,  while  smaller  crystals  are  common  at  many  other  points  in  the 
section.  Careful  examination  has  discovered  no  rule  concerning  their 
position  with  regard  to  the  walls  of  the  lode  and  to  each  other. 
Thoy  stand  in  the  midst  of  the  tin-bearing  rock,  crossing  each  other 
in  all  directions.  One  was  seen  over  thirty-five  feet  long,  without  a 
break  ;  and,  so  far  as  exposed,  perfect  in  form.  In  other  veins, 
having  a  more  tabular  shape,  there  is  usually  near  one  wall  a  zone 
of  mica,  so  arranged  that  the  cleavage-planes  are  either  at  right-angles 
or  parallel  to  the  walls  of  the  vein.  The  mica  is  generally  quite 
fine  near  the  walls,  but  rapidly  becomes  coarser  until  a  zone  of  the 
largest  crystals  is  passed.  The  tourmalines  were  frequently  observed 
to  have  tlieir  vertical  axes  perpendicular  to  the  wall,  but  the  rule  was 
far  from  general.  Biotite  is  not  common  in  the  tin-veins,  and  I  have 
never  observed  it  in  association  with  the  tin.  The  prevailing  micas 
are  of  a  light  greenish-yellow  color,  passing  into  pure  white,  and 
are  of  the  common  or  muscovite  species.     The  feldspar  is  usually 

*  First  described  by  Prof.  W.  P.  Blake. 
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albite  and  the  variety  known  as  cleavelandite  is  common.  Lithia- 
mica  lias  not  been  observed,  notwithstanding  lithia  is  found  in  such 
quantity  as  is  evidenced  by  the  spodumenes. 

It  is,  perhaps,  worthy  of  remark  that  when  the  three  elements  of 
granite  are  together  in  anything  like  ordinary  proportion,  tin-stone 
is  very  likely  to  be  absent.  When  the  aggregation  consists  mainly 
of  mica  and  quartz  or  of  mica  and  albite,  tin  is  usually  present  also. 
If  the  vein  consists  of  feldspar  alone,  the  tin  is  wanting;  but  when 
it  is  composed  of  quartz  alone,  as  is  frequently  the  case,  the  quartz 
is  always  banded  as  in  a  fissure-vein,  and  is  usually  tin-bearing; 
but  the  tin-stone  is  quite  different  in  appearance  from  that  found  in 
the  greisens.  It  is  light  reddish-brown,  and  often  occurs  at  the 
joints  or  planes  indicating  the  banded  structure.  The  crystals  of 
cassiterite  usually  partake  of  the  nature  of  the  individual  crystals 
composing  the  rock.  If  they  are  large,  the  tin  crystals  are  large 
also,  and  vice  versa.  If  the  rock  is  quartz  and  mica,  neither  the 
crystals  of  quartz  nor  of  mica  enclose  the  crystals  of  cassiterite. 
They  occupy  interstices,  so  to  speak,  between  these  crystals  ;  but  in 
the  albitic  greisen  they  are  frequently  enclosed  in  felds{)ar.  In  the 
quartz-veins,  the  quartz  frequently  encloses  the  tin-stone. 

The  abundance  of  phosphatic  minerals  present  is  an  extraordinary 
feature  of  these  veins.  Apatite,  triphylite  and  heterosite  are  found 
in  large  quantities;  autunite  occurs  sparingly;  and  other  phos- 
phatic minerals,  perhaps  new,  but  needing  further  examination,  are 
also  found. 

Of  other  associated  minerals,  columbite  occurs  in  large  quantities. 
Masses  many  j)ounds  in  weight  are  common.  The  Bob  Ingcrsoll 
claim  is  reported  to  have  yielded  a  mass*  weighing  a  ton.  This 
mineral  is  here  frequently  called  tantalite;  but  all  analyses  so  far 
made  for  me  at  the  Dakota  School  of  Mines,  as  well  as  a  great 
number  of  specific-gravity  tests,  have  invariably  shown  that  it  is 
columbite.  Tantalic  acid  is  always  present  in  varying  quantities, 
but  never  to  such  a  degree  as  to  be  the  predominating  acid.  The 
crystal  form  is  always  tabular,  while  the  habitus  of  tantalite  is 
prismatic.f  A  sample,  however,  from  the  Etta  mine,  analyzed  by 
Professor  Scliaeffer,  was  pronounced  by  him  to  be  tantalite.;};  It 
gave  the  following  result: 


*  ^\.  p.  Blake. 

t  Naiimann's  Mineralogie,  1874,  pages  523  and  525. 

X  IVans.,  xiii.,  231. 
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Per  cent. 

Tantalic  oxide, 79.01 

Stannic  oxide,    ..........       0.39 

Ferrous  oxide,  ..........       8.33 

Manganoiis  oxide, 12.13 

Specific  gravity,  7.72.  99.86 

Professor  Scliaeffer  further  declares  that  he  was  unable  to  find  the 
least  trace  of  columbic  acid. 

The  following  analysis  of  a  sample  taken  from  the  Etta  mine 
was  made  at  the  Dakota  School  of  Mines,  by  Dr.  W.  P.  Headden, 
and  gave: 

Per  cent. 

Tantalic  acid, 18.20 

Columbic  acid, 64.09 

Ferrous  oxide, 11.21 

Manganous  oxide,     .........  7.07 

Stannic  oxide,  ..........  0.10 

Calcic  oxide,      ..........  0.21 

Specific  gravity,  0.89.  100.88 

Five  other  samples  from  different  sources — some  from  stream-tin, 
others  from  lodes — were  examined,  and  all  gave  very  decided  tests 
for  columbic  acid,  and  ranged  in  specific  gravity  from  5.89  to  6.12. 
By  these  results  we  have  been  led  to  the  conclusion  that  if  tantalite 
— that  is,  a  mineral  composed  mainly  of  tantalic  acid — exists  in  the 
Hills,  it  is  comparatively  rare. 

Graphite,  both  amorphous  and  crystalline,  is  common  in  these 
veins.  It  is  sometimes  very  pure.  Galena,  carrying  silver,  is 
occasionally  met  with,  while  arsenopyrite,  carrying  gold,  is  not 
uncommon.  Beryls  are  found  in  all  the  veins,  and  often  of  large 
size.  Garnets  exist  in  all  mines  so  far  worked.  Two  varieties  were 
observed,  the  ordinal y  iron  garnet  and  a  honey-yellow  garnet,  quite 
common,  but  very  small,  supposed  to  be  a  lime-garnet.  Barytes  is 
quite  common.  Ilmenite  I  have  ob-served.  Zircons  and  corundum 
have  been  reported  by  others.  It  is  clear  that  the  veins  will  form 
an  interesting  study  for  the  mineralogist,  as  we  have  every  reason 
to  believe  that  new  mineral  species  will  be  discovered  here.  The 
minerals  so  far  observed  by  me  in  these  veins  contain  the  rare 
elements  —  lK)ron,  phosphorus,  fluorine,  tin,  lithium,  glucinum, 
uranium,  tantalum  and  columbium,  as  well  as  the  more  common 
ones — gold,  silver,  lead,  arsenic,  iron,  sulphur,  etc. 

I  have  been  thus  explicit  in  describing  these  veins  in  order  to 
VOL.  XVII.— 38 
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show  liow  perfectly  tliey  fall  into  tlie  class  of  certain  granitic  veins 
of  the  Lanrentian,  described  by  Dr.  Hunt.  Tliese  are  the  endo- 
genous veins  which,  he  says,*  "  have  been  deposited  from  solutions 
in  fissures  of  the  strata,  i)recisely  like  metalliferous  lodes."  This  re- 
mark applies  especially  to  those  granitic  veins,  which  include  minerals 
containing  the  rarer  elements.  Among  these  are  boron,  calcium, 
rubidium,  glucinum,  zirconium,  tin  and  columbium.  Much  of  the 
remaining  evidence  which  Dr.  llunt  cites  in  support  of  his  theory 
of  the  aqueous  origin  of  certain  granites  in  the  Laurentian,  and  of 
the  distinction  he  draws  between  granitic  dikes  and  granitic  vein- 
stones, is  furnished  here  also:  for  example,  the  banded  arrangement 
of  minerals,  the  peculiar  manner  in  which  certain  minerals  incrust 
one  another,  and  the  rounded  form  of  certain  crystals. 

The  vein-stones  of  these  lodes  vary  but  little  in  ultimate  con- 
stituents from  the  surrounding  schists,  and  were  jirobably  derived 
immediately  from  them  by  circulating  waters.  Tiie  projwrtion  of 
alkalies  in  the  vein-stones  is  15  per  cent.,  while  that  in  the  schists 
is  8  per  cent.f  JNIany  of  the  elements  found  in  the  veins  are 
known  to  exist  in  the  schists,  viz.,  gold,  silver,  sulphur,  iron  and 
carbon  (graphite).  The  rarer  elements,  such  as  lithium,  columbium 
and  tin,  which  probably  exist  in  the  great  mass  of  sediments  in  the 
most  minute  quantities  only,|  are  found  in  these  veins  in  sur- 
prisingly large  amounts.  This  accumulation  is  best  accounted  for 
upon  the  supposition  that  they  have  been  collected  and  deposited  by 
percolating  waters. 

As  neither  the  veins  nor  the  large  bodies  of  granite  seem  to  be 
either  eruptive  or  metamorphic  in  origin,  I  conclude  that  such 
granites  are  not  found  in  the  limits  of  the  Black  Hills. 

In  the  Cleveland  vein,  in  Bear  Gulch  district,  parts  of  the  granite 
vein  have  been  altered  to  a  fine-grained,  dark  green,  almost  black, 
rock.  Its  boundaries  in  the  vein  are  as  sharply  defined  from  the 
white-colored  granite  which  they  traverse  as  the  granite  is  from  the 
enclosing  mica-schists.  It  carries  a  little  fine-grained  cassiterite  and 
is  believed  to  resemble  closely  the  ZwUfer  of  Altenberg.  A  further 
examination  of  it  is  now  in  progress. 

Daubree  has  stated  that  the  presence  of  tin  is  intimately  con- 
nected with  quartz,  and  that,  after  quartz,  certain  minerals  not  com- 

*  Chemical  and  Geological  Essays,  page  192. 

f  Newton;  but  this  can  hardly  be  correct ;   for  solid  feldspar  would  contain  but 
15  per  cent 
I  Dr.  Hunt. 
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mon  to  ordinary  lodes  are  habitually  present.  These  are  silicates  into 
which  fluorine  and  boron  enter,  among  which  are  tourmaline,  certain 
micas,  lepidolite,  topaz,  with  apatite  and  other  phosphates.  He 
supposes  that  the  tin  was  introduced  into  the  lodes  originally  as  a 
fluoride  or  boride,  or  possibly  in  combination  with  chlorine  or  phos- 
phorus.* In  the  Black  Hills  veins,  lepidolite  and  topaz  do  not 
occur.  Tin  is  often  found  remote  from  quartz.  When  tourmaline 
greatly  predominates,  the  tin  is  absent. t  The  greatest  quantities  of 
cassiterite  occur  in  veins  consisting  of  mica  and  quartz  alone.  The 
micas  seem  always  to  be  ordinary  muscovite.  They  have  not  been 
tested  for  fluorine.  Fluorspa,r  has  not  been  found.  No  pseudo- 
morphs  of  cassiterite,  as  in  Cornish  veins,  have  been  observed. 
Orthoclase  occurs  very  sparingly  ;  the  variety,  microcline,  much 
more  frequently.     Albite  is  everywhere  the  predominating  feldspar. 

Analyses  of  CassHerite  f7-om  the  Veiyis. — The  following  analyses  of 
Black  Hills  cassiterite  were  made  for  me  by  Dr.  W.  P.  Headden  : 

No.  1.   Occidental  mine: 


Stannic  oxide, 
Insoluble, 

Sp,  gr.,  6.923. 

No.  2.  Tin  Mountain  mine 

Stannic  oxide, 

Sp.  gr.,  6.923. 

No.  3.   First  Find  mine : 

Stannic  oxide, 

Sp.  gr.,  6.728. 


96.42  =  75.^ 
3. .58 


tin. 


100.00 


97.5  =  76.7  tin. 


94.70  =  74  5  tin. 


For  the  purpose  of  comparison  I  append  the  following  analyses  of 
tin-ore  from  other  sections  : 


Locality. 

stannic 

oxide. 

Per  cent. 

Sp.gr. 

Authority. 

Finbo,  Sweden, 

93.6 

Berzelins. 

Wicklow,  Ireland,     . 

95.26 

6.75 

Mallet. 

Xeres,  Mexico, . 

89.43 

6.862 

Bergeinann. 

Tipnani,  Bolivia, 

.     9L80 

7.021 

Forbes. 

Zinnwald, .... 

88.04 

California, 

76.15 

Genth. 

Cornwall,  .         .         .        .         . 

98.93 

Klaproth. 

Schlackenwald, 

99.28 

Klaproth. 

*  Prestwich,  vol.  i.,  page  344. 

t  That  is,  in  the  veins;  but  since  the  above  was  written  we  have  found  cassiterite 
in  the  schorlaceous  schists  themselves,  which  sometimes  form  the  enclosing  rocks  of 
the  veins.     It  was  found,  however,  quite  close  to  the  veins. 
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I  give  also  an  analysis  of  Cornish  Ulaclc  tin  ready  for  the  mar- 
ket :* 

Per  eent. 
Stannic  oxide,  .         .         .         .     92.00  =72.37  tin. 
Ferric  oxide,     ....       4.82 
Insoluble,           .         .      •  .         .       l.GO 
Water 2.00 

99.98 

Amtli/scs  of  St  ream- tin. — A  peculiar  fact  has  been  observed  in  re- 
gard to  the  stream-tin.  It  is  clearly  derived  from  the  disintegration 
of  the  tin-veins,  but  it  is  not  so  pure  as  that  which  remains  in  the 
veins,  as  the  following  analy.ses  by  Dr  Headden  will  show : 

No.  1.  Nigger  Hill  sti'eam-tin  : 

Per  cent. 
Stannic  oxide 92.60  =  72.84  tin. 

No.  2.  Southern  Hills  stream-tin  : 

Stannic  oxide, 92^0  =  73.0    tin. 

No.  3.  Niffirer  Hill  stream-tin  : 

Per  cent. 

Stannic  oxide 93.00  =  73.21  tin. 

Iron, 2.16 

Insoluble,       ......       3.96 

99.12 

Sp.  gr.  (average  of  several  samples),  7. 

Is  it  po.ssible  that  a  part  of  the  almost  insoluble  cassiterite  has  been 
dissolved  out  and  replaced  by  some  other  mineral  ? 

Percentage  of  Black-Tin  in  the  Rock. —  This  question  has  been 
much  discussed.  If  all  the  stuff  broken  at  the  mine  were  sent.to 
the  mill,  the  percentage  of  tin  would  be  low.  By  close  sorting  it 
could  be  made  very  high,  depending  entirely  upon  the  e.\tent  to 
which  the  lower  grades  of  ore  were  rejected.  Assays  signifv  nothing. 
Hand-samples  containing  from  25  to  50  percent  of  black-tin  can  be 
readily  selected  at  any  mine.  Professor  W.  P.  Blake  suggests  that 
it  will  probably  be  found  advisable  to  send  to  the  mill  for  treatment 
all  rock  carrying  per  ton  10  pounds  of  cassiterite  and  upwards.  If 
this  be  done,  I  estimate  2  per  cent,  cassiterite  as  the  probable  average 
of  the  tin-ores  of  the  Hills  thus  treated. 

*  Taken  from  Moissenet's  Preparation  Mtcanique  du  Mineral  d'itain  dans  le  Com- 
uall,  Paris,  1858,  page  204.  (Reprint  from  Annales  des  Klines,  5e  ser.,  tome  xiv.  p.  77.) 
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Treatment  of  the  Ore. — In  the  treatment  of  the  tin-ore,  difficulties 
were  anticipated  which  were  not  subsequently  encountered.  The 
first  experimenters  devised  ingenious  methods  for  ridding  the  ore  of 
the  large  mica  crystals  before  attempting  to  concentrate  it.  They 
also  used  either  the  Frue  vanner  or  a  shaking-table  of  some  sort 
for  dressing  the  ore.  It  seemed  to  be  taken  for  granted  thjit  ordinary 
jigs  and  buddies  would  not  do  the  work.  Investigation,  however, 
showed  that  owing  to  the  crystalline  nature  of  the  rock,  and  the 
coarseness  of  the  crystals  of  cassiterite,  a  good  separation  could  be 
had  with  a  coarse  crushing,  and  that  it  made  an  ideal  jig-product.  It 
was  determined,  therefore,  to  erect  jigs  for  its  treatment  in  the  con- 
centration-plant at  the  School  of  Mines  laboratory.  The  following 
is  from  the  official  report  upon  the  first  test  made  there,  which  was 
conducted  by  Professor  H.  O.  Hofman  and  myself: 

The  crushing  and  concentration  plant  at  the  School  of  Mines,  npon  which  the 
test  was  made,  consists  of  a  small  jaw-crusher,  one  pair  of  14-inch  Cornish  roll'-', 
four  trommels  or  revolving  screens  and  three  Harz  jigs,  with  eccentric  motion.  It 
will  be  observed  by  engineers  that  there  is  no  provision  for  either  fine  crushing  or 
fine  separation,  and  that  the  plant  is  imperfect  to  this  extent.  It  was  the  intention 
of  the  management  to  have  added  an  Evans  huddle,  but  the  funds  were  exhausted 
before  this  was  reached.  It  is  true  the  mill  contains  stamps  and  a  Frue  vanner, 
but  they  were  not  used  in  this  test. 

The  ore  was  of  greisen,  but,  unlike  the  typical  greisen  of  Europe,  it  is  extremely 
coarse  grained,  and  could  not,  from  the  large  crystals  of  mica,  be  stamped.  It  was 
crushed  and  carefully  assayed,  and  gave  a  return  of  2.7  per  cent,  black  tin.  It  is 
believed  that  it  represented  just  such  material  as  a  mill,  upon  a  commercial  basis, 
would  have  to  treat  in  the  tin  section.  It  was  first  put  through  the  crusher,  and 
then  through  the  rolls  above  mentioned.  No  attempt  whatever  was  made  to  treat 
the  jig  tailings,  which  were  quite  coarse,  by  recrushing  and  further  concentration, 
in  order  to  save  such  fine  tin  as  they  might  yet  carry.  The  screens  upon  the  trom- 
mels were,  respectively,  fourteen,  fifteen,  and  thirty  mesh.  That  which  did  not  pass 
through  the  first,  or  coarse  screen,  was  returned  to  the  rolls.  Forty  pounds  of 
coarse  stream-tin  was  used  to  bed  the  first  compartment  of  the  first  jig,  and  one  jig 
only  was  used,  as  there  were  but  1800  pounds  of  the  material  to  be  tested.  The 
products  from  the  screens  were  treated  in  the  order  of  their  coarseness,  beginning 
with  the  coarsest,  and  taking  one  grade  after  the  other,  but  using  always  the  same 
jig  which  made  120  lifts  of  1-inch  per  minute.  The  number  of  revolutions  per 
minute  could  not  be  changed,  but  the  lift  was  lessened  to  about  one-half  inch  for  the 
last  product.  The  tailings  were  constantly  sampled  as  they  left  the  jigr  by  many 
competent  persons,  and  only  occasionally  was  a  trace  of  tin  observed.  Tiiis  shows, 
that  so  far  as  the  tin  had  been  separated  from  the  gangue  by  crushing^ nst  so  far 
the  separation  was  perfect. 

In  a  mill  running  with  a  commercial  purpose,  tliese  tailings  would  probably  be 
crushed  still  finer,  that  a  more  perfect  separation  of  fine  tin  might  be  had.  We 
supposed  it  would  be  necessary  in  this  case,  but  a  careful  assay  of  the  tailings  dis- 
closed the  fact  that  95. 15  per  cent,  had  been  saved — a  result  as  extraordinary  as  it 
was  unexpected.     It  will  be  observed  that  there  yet  remain  in  the  tailings  2.(i8 
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pounds  per  ton  of  black  tin  ;  hnt  in  Cornwall,  for  every  ton  of  tin-stufF  treated  on 
the  dressinij- floors,  discharging  their  waste  into  Red  River,  tliere  are  returned  by 
the  stream-works  upon  the  river  never  less  than  3  pounds  of  tin.  It  ii.as,  in  some 
years,  readied  G  {)ounds  for  each  ton  treated.  As  iieretofore  stated,  the  cost  in 
Cornwall,  notwithstanding  their  cheap  and  skilled  labor,  is  $1.25  per  ton  of  tin-stuff 
dressed  or  concentrated.  I  feel  sure  that  ours  can  be  dressed  at  a  cost  not  exceed- 
ing 50  cents  per  ton.  This  difTerence  in  cost  is  owing  wholly  to  the  difference  In 
the  character  of  the  ores,  ours  being  suitable  for  coarse  concentration,  while  theirs 
must  be  stamped  very  fine,  and  hence  cannot  be  jigged  to  any  advantage,  so  that 
little  or  no  concentrating  machinery  is  used,  nearly  the  entire  work  being  done 
by  hand.  This  necessitates  the  employment  of  nearly  as  many  operatives  in  the 
dressing- works  as  are  employed  in  the  mines.  It  is  true,  that  many  of  them  are 
hoys  and  girls,  but  their  number  is  sufficient  to  raise  the  cost  of  dressing  the 
|tin-rock  to  §1.25  per  ton.  (For  detailed  information  see  the  paper  of  Mr.  R.  J. 
Frechville,  e.xtracts  from  which  appeared  in  Mineral  Resources,  United  States  Geo- 
logical Survey  for  1S85.) 

The  concentrates  from  this  test  returned  68  per  cent.  tin.  A  sample,  however,  , 
made  entirely  free  from  gangue,  showed  by  analysis  74.50  per  cent,  tin.  Other 
tests  liave  been  made  since,  upon  large  lots  in  which  all  the  jigs,  etc.,  were  em- 
ployed as  in  a  working  mill.  One  lot  of  several  tons,  containing  less  than  one- 
half  per  cent,  black  tin,  was  so  treated  that  the  loss  was  even  less  than  in  the 
test  given  in  detail  above.  We  conclude  that  the  ore  can  be  crushed  without  diffi- 
culty. Less  loss  and  a  better  separation  would  probably  be  had  by  doing  the  entire 
ernshing  by  jaw-crnshers,  multiple  or  otherwise,  than  by  rolls.  We  foimd  that  the 
work  might  be  expedited  by  screening  out  the  coarsest  of  the  mica,  and  used  for 
this  purpose  a  screen  of  two  meshes  to  the  linear  inch.  This,  however,  is  not  ab- 
solutely necessary  ;  but  as  this  product  is  found  to  be  practically  free  from  tin,  often 
one-third  of  the  waste  may  be  thus  removed  without  further  trouble.  In  the  above 
test  we  afterward  jigged  the  Fcreened  mica,  more  to  see  its  behavior  in  a  jig  than  for 
what  tin  it  might  contain,  and  found  no  difficulty  whatever  in  its  management. 

We  unhesitatingly  recommend  jigs  for  the  treatment  of  the  Black  Hills  tin-ores. 

Yield  of  MdaJUc  Tin. — It  may  be  set  down  as  a  fact,  that  the  clean 
eassiterite  of  the  lilack  Hills  tin-veins  will  not,  by  analysis,  fall  be- 
low 74  per  cent,  tin,  and  when  perfectly  clean  it  will  yield  a  white 
tin  of  the  grade  known  to  the  English  tin  trade  as  "  superior  refined  " 
quality.  This  it  does  without  the  previous  roasting  that  is  required 
for  most  of  the  Cornish  ore.  It  is  of  the  utmost  necessity,  however, 
that  the  black-tin  be  clean.  There  is  a  heavy  brown  garnet  occurring 
with  the  tin,  which  can  be  separated  by  careful  washing,  and  which 
must  be  removed  in  order  to  obtain  good  results.  Strangers  test- 
ing these  ores  for  the  first  time  are  apt  to  leave  it  with  the  eassiterite, 
and  hence  bad  results  have  sometimes  been  reported  when  good  re- 
sults would  have  been  obtained  by  proper  maniptilation. 

Recent  tests  of  satisfactory  cliaracter,  made  by  English  and  other 
e.xjx^rts,  for  the  Harney  Peak  Cotn])any,  are  omitted  here,  in  order 
that  this  j)aper  may  not  be  still  further  extended. 
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THE  WENSTBOir  MAGNETIC  SEPABATOB. 

BY  ROBERT  ANDERSON  COOK,  A.M.,  NEW  BRUNSWICK,  N.  J. 

(New  York  Meeting,  February,  1889.) 

As  tlie  niarc;!!!  of  profit  in  the  manufacture  of  iron  continues  to 
decrease,  attention  is  called  more  and  more  to  economies  in  every 
department.  Beginninsj  at  the  bottom,  in  the  preparation  of  the 
ore  at  the  mine,  we  notice  a  general*  tendency  is  towards  the  ship- 
ment of  richer  ores,  securing  to  the  mine-owner  a  better  price  per 
ton,  wiiich  the  purchaser  is  glad  to  pay  by  reason  of  the  saving  in 
freight  of  iron,  and  in  the  cost  of  reduction,  which  depends  so 
largely  upon  the  amount  of  fuel  and  flux,  and  the  productive  ca- 
pacity of  the  plant.  In  other  words,  the  diiference  in  valtie  between 
rich  and  poor  ores  is  much  greater  than  their  relative  percentages  of 
iron  indicates ;  because  the  barren  material  in  a  lean  ore  is  not 
merely  worthless,  it  is  a  positive  source  of  expense,  requiring  trans- 
portation, handling,  fluxing,  smelting,  and  its  due  share  of  general 
expenses;  in  return  for  which  it  yields  nothing  and  decreases  the 
available  capacity  of  a  given  plant  and  capital  for  profitable  work. 

The  enriching  of  the  ore  is  done  in  most  places  by  hand-picking, 
and  in  a  few  by  wet  concentration  ;  but  the  managers  of  several 
magnetite  mines  in  Sweden  have  been  practically  successful  in  doing 
it  by  machinery.  The  only  magnetic  separating  machine  which  has 
actually  taken  the  place  of  hand-picking  was  designed  and  patented 
by  Mr.  Jonas  Wenstrom  of  Orebro,  Sweden. 

In  this  machine,  which  is  illustrated  in  Figs.  1  and  2,  Mr. 
Wenstrom  has  taken  advantage  of  the  property  of  soft  iron  to  be- 
come magnetized  by  induction.  The  machine  consists  of  a  barrel 
made  up  of  soft  iron  bars  and  some  non-conducting  material  (usu- 
ally wood),  which  is  rotated  around  a  stationary  shaft  by  means  of 
a  cog-wheel.  Inside  of  this  barrel,  on  the  shaft,  is  placed  eccentri- 
cally a  cylindrical  electro-magnet,  provided  with  a  number  of  flanges 
(N,  S,  Fig.  1 ),  between  which  wire  is  wound  in  such  a  manner  that 
the  flanges  are  of  negative  and  positive  polarity,  being  energized  by 
a  current  passing  through  the  wire  coils  from  a  small  dynamo.  As 
will  be  seen  in  Fig.  1,  the  flanges,  N,  S,  are  circular,  and  follow^  the 
internal  contour  of  the  barrel  on  the  front  side,  while  on  the  opposite 
side  they  are  cut  down  to  the  line  B,  B'  in  Fig.  2.  Hence  the  bars 
of  the  revolvino^  barrel  on  the  front  side  of  the  machine  are  mag- 
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netio  only  while  passing  from  B  to  IV  ;  and  after  they  pass  the  j)()int 
B'  in  the  U>\ver  part  of  the  machine,  they  cease  to  be  so,  and  remain 
entirely  withont  magnetism  in  jias-^ing  through  the  sjiare  from  W  to 
B,  at  the  haek  of  the  machine.  The  bars  have  alternately  two  and 
three  projections  coming  close  to  the  polar  flanges,  so  that  each  bar 
becomes  virtually  a  prolongation  of  the  magnetic  poles. 


Fig.  I. 


WENSTROM'S     MAGNETIC     ORE     SEPARATOR. 
CROSS    SECTION 
Scale;  1  iu.-l  Coot. 

Tiie  ore  and  rock  are  fed  on  top  of  the  revolving  barrel,  coarse 
and  fine  together,  and  the  ore  adheres  to  the  barrel  during  half  a 
revolution,  being  only  released  after  it  has  passed  out  of  the  magnetic 
field  at  B' ;  the  non-magnetic  material  rolls  of!"  the  barrel  and  falls 
in  front  of  the  dividing-board,  while  the  magnetic  material  drops  off 
behind  it. 

Two  sizes  of  this  separator  have  been  introduced.     The  largest  size 
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treats  from  six  to  seven  tons  of  material  per  hour,  and  the  magnetism 
is  strong  enough  to  support  pieces  of  ore  up  to  seven  pounds  in 
weight,  and  separate  them  from  the  rock.  The  smaller  size  treats 
from  two  to  three  tons  per  hour  of  finer  material,  below  three-quar- 
ters of  a  pound  in  weight  of  single  pieces. 


Fig.  2. 


WENSTROP<1'S     MAGNETIC     ORE     SEPARATOR. 

UONGITUDINAL   SECTION 

Scale;  1  in. =1  foot. 


In  Sweden  these  separators  are  used  at  the  iron-mines  for  extract- 
ing from  old  and  new  dum[)s  of  waste  material  the  good  ore  which 
has  been  missed  in  the  hand-picking,  or  was  too  fine  to  be  picked 
out  in  that  way.  They  are  also  applied  to  the  ore  now  being  mined, 
which  in  former  tin-kes  was  selected  by  hand.  Three  of  the  Swedish 
mines  use  the  larger  size  of  the  machine,  and  four  the  smaller. 

During  a  recent  journey  in  Sweden  (unfortunately  in  the  winter, 
when   the  dumps  were  frozen  and  the   machines  idle),  the  writer 
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visited  five  of  the  mines  where  these  machines  are  used,  and  obtained 
the  records  of  their  working-results.  It  is  deemed  sufficient  to  give 
in  this  paper,  as  a  typical  example,  the  data  thus  collected  at  the 
Dannemora  mine.  Practice  elsewhere  is  essentially  similar,  the 
cost  varying  at  each  mine  in  proportion  to  the  handling  necessarily 
given  the  ore  before  it  comes  to  the  separator. 

The  Dannemora  plant  (Fig.  3)  consists  of  a  separator,  24  inches 
on  the  face  and  27  inches  in  diameter,  a  small  dynamo,  and  a  port- 
able engine,  which  runs  not  only  the  separator  but  also  a  bucket- 
elevator  and  a  hoist  capable  of  raising  a  car  loaded  with  half  a  ton 
of  ore.  The  material,  which  is  anything  below  a  four-inch  mesh,  is 
dumped  from  a  trestle  at  the  elevator,  which  conveys  the  material 
to  the  feed  of  the  separator,  and  the  separated  rock  falls  into  a  chute, 
and  is  thence  delivered  into  a  car,  and  run  off  to  the  waste  dump. 
The  ore  runs  down  into  a  barrel-screen  of  ])erforated  steel,  the  holes 
being  one  inch  in  diameter.  The  pieces  which  pass  through  fall 
into  one  car,  while  the  coarser  portion  fall  into  another.  These  cars 
are  then  hoisted  on  the  elevator  and  run  off  to  the  point  of  shipment. 
The  fine  stuff,  below  one-inch  mesh,  is  kept  by  itself  for  reasons  con- 
nected with  the  subsequent  roasting.  All  the  ore  is  roasted,  and 
there  is  some  difficulty  in  roasting  the  fine  ore.  Consequently  not 
more  than  5  or  10  per  cent,  of  the  charge  in  the  roasting-kilns 
is  permitted  to  be  fine.  The  fuel  used  in  the  kiln  is  the  tunnel-head 
gas  from  the  blast-furnace. 

Four  laborers  and  an  engineer  are  required  to  run  the  machine  to 
its  full  capacity,  with  a  boy  to  pick  out  from  the  rock  any  pieces  of 
ore  which  may  have  been  mechanically  knocked  off  by  larger  pieces 
of  rock.  The  men's  work  consists  of  shoveling  the  ore  into  the  ele- 
vator, and  taking  the  rock  and  ore  in  the  cars  to  the  dumps.  The 
amount  of  material  handled  averages  six  and  a  half  tons  per  hour. 

The  separator  was  introduced  in  1886,  during  which  year  no  per- 
manent plant  was  erected,  but  the  machine  was  moved  around  from 
one  small  waste-heap  to  another.  The  present  plant  (Fig.  3)  was 
erected  in  1887,  and  duritig  that  year,  as  also  in  1888,  the  separator 
was  run  intermittently  through  a  season  of  five  months.  The  work 
of  the  three  years  was  as  follows : 


Total  material 

Ore  obtained. 

Percentage  of  total 

Roek 

Year. 

treated.    Tons. 

Tons. 

material  obtained 
as  ore. 

Tons. 

1886 

2000 

No  data 

— 

1887 

5720 

3609 

63 

2111 

1888 

5169 

3925 

76 

1244 
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The  cost  of  liaticl- picking  at  Danneniora,  previous  to  the  intro- 
duction of  this  machine,  was  32.6  cents  per  ton.  It  now  costs  9.8 
cents  per  ton,*  and  30  per  cent,  more  ore  is  obtained  from  the  same 
material.  Analyses  of  these  ores  are  not  frequently  made,  but  it  is 
known  that  the  separated  ore  averages  59  per  cent,  iron  for  the 
coarse,  and  45  per  cent,  for  the  fine.  If  the  fine  ore  can  be  fed  by  it- 
self in  a  somewhat  different  way,  the  results,  as  to  that  part,  would 
be  much  better. 

Any  invention  adopted  from  a  foreign  country,  where  the  j)lans 
of  working,  as  well  as  the  ore  treated,  are  different  from  our  own, 
must  necessarily  be  changed  to  some  extent  to  do  the  work  required 
in  America.  Apart  from  this  consideration,  each  ore  must  be  treated 
in  a  different  way.  But  that  this  invention  is  of  practical  value  to 
us  in  America  is  demonstrated  by  the  fact  that  it  is  used  profitably 
in  Sweden,  where  labor  is  not  worth  more  than  fifty  cents  per  day. 

There  are  three  different  cases  to  which  this  machine  can  be  suc- 
cessfully applied,  with  only  one  change  in  the  feed  (namely,  when 
the  ore  is  below  a  half-inch  mesh).  First,  where  there  are  waste- 
dumps,  and  the  run  of  mine  has  to  be  hand-picked.  Second,  where 
only  what  might  be  called  preliminary  crushing  is  necessary  to 
break  the  greater  part  of  the  ore  free  from  the  rock,  that  is,  by  passing 
it  through  an  ordinary  crusher  to  a  half-inch  mesh — which  ought  not 
to  cost  more  than  fifteen  cents  per  ton.  Third,  where  the  ore  must 
be  pulverized  by  further  machinery  to  a  one-quarter-inch  luesh  or 
some  smaller  size. 

The  first  two  of  these  cases  are  very  sinijile,  but  the  third  is  a 
problem  by  itself,  in  which  the  co.st  of  mining,  the  number  of  tons 
which  must  be  crushed  to  obtain  one  ton  of  concentrate,  and  the 
cost  of  crushing,  are  items  of  far  more  importance  financially  than 
the  mere  separation  of  the  ore  from  the  rock.  Each  mine-owner 
must  decide  for  himself  whether  it  will  pay.  The  co.st  of  separating 
ore  per  ton  of  finished  product  by  any  machine,  it  is  impossible  to 
give,  since  it  varies  with  the  richness  of  the  ore.  A  Wenstrom 
machine  requiring  one  and  a  half  horse-power  to  run  the  dynamo, 
and  half  a  horse-power,  or  less,  to  run  the  separator,  has  a  capacity  of 
fifty  tons  of  fine  (or  a  larger  amount  of  coarse)  material  in  ten  hours. 
The  feeding  should  be  automatic,  and  the  ore  and  rock  should  fall 
by  their  own  weight  into  cars,  so  that  there  nee.l  be  no  hand-labor, 

*  Tliis  includes  interest  on  plant  and  depreciation,  The  cost  for  repairs  has  been 
nothing,  and  the  machine  shows  no  wear, 
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except  that  of  feeding  the  crusher  or  screen,  if  coarse  material  is  to 
be  used. 

Some  interesting  questions  arise  in  connection  with  the  concen- 
trated fine  ore. 

One,  which  the  Swedish  grovernment  settled  to  the  satisfaction  of 
its  furnace- manager,  is  that  of  the  use  of  fine  ore  in  the  furnace. 
It  had  always  been  supposed  to  be  a  detriment  to  the  furnace  to 
charge  a  large  proportion  of  fine  ore.  Experiments  were  made  at 
the  expense  of  the  government,  under  the  ciiarge  of  ^Ir.  Granstrom, 
of  Xorberg,  an  eminent  Swedish  engineer,  in  the  preparation  of 
briquettes  of  a  mixture  of  fine  hematites  crushed  and  concentrated 
to  Go  per  cent,  of  iron,  with  slacked  lime,  in  a  powerful  brick- 
machine.  These  briquettes  were  very  nice-looking ;  but,  when  put 
in  the  furnace,  they  all  went  to  pieces.  Mr.  Granstrom  then  resolved 
to  see  exactly  how  much  fine  ore  a  furnace  would  stand.  Taking 
one  of  the  charcoal  furnaces  in  his  charge,  he  began  by  using  a 
mixture  of  10  per  cent,  fine  ore  and  gradually  worked  it  up  to  a 
maximum  of  75  per  cent.  The  only  change  he  found  with  the 
latter  mixture  was  that  the  gases  were  a  little  hotter,  and  he  was 
able  to  carry  a  little  heavier  burden  on  the  furnace.  The  pressure 
was  the  same ;  and  the  conclusion  reached  was  that  themanufacture  of 
briquettes  was  entirely  unnecessary. 

Another  question  concerns  the  effect  of  fine  concentration  in  re- 
ducing such  impurities  of  the  ore  as  enter  the  pig-iron  made  from 
it.  This  has  never  yet  been  carried  so  far  in  practice  as  to  convert 
a  non-Bessemer  ore  into  a  Bessemer  ore,  by  eliminating,  through  the 
process  of  concentration,  the  phosphorus  contained  in  the  gangue;  but 
in  all  the  concentrations  of  ores,  wet  or  dry,  the  impurities  have  been 
materially  reduced ;  and  it  seems  not  unreasonable  to  expect  that 
many  ores,  which  are  but  little  outside  the  ''Bessemer  limit,"  will 
be  brought  within  that  limit,  and  thus  made  more  valuable. 

There  are  other  uses  to  which  this  magnetic  separator  has  been 
profitably  applied  in  Sweden.  One  is  that  of  separating  the  pieces 
of  iron  from  the  dirt,  in  yards  where  pig-iron  has  been  stored,  or 
from  any  old  heaps  of  waste  material — for  instance,  where  the  dump- 
ings from  cupolas  have  been  piled. 

One  of  the  small  \yenstrom  machines  was  brought  over  from 
Sweden  to  this  country  last  }  ear,  and  tested  with  very  satisfactory 
results  on  limited  quantities  of  different  ores  and  waste  material 
from  around  steel-works.  One  instance  in  particular  may  be  men- 
tioned, namely,  the  treatment  of    cinder  from  the  Bessemer  con- 
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verier,  a  material  which  is  almost  wholly  thrown  away  at  American 
steel-works,  a  small  portion  only  being  used  in  the  blast- fnrnaees. 
A  Innulred  i)oun(ls  of  this  material,  crushed  in  an  ordinary  Blake 
crusher,  was  run  over  the  separator,  the  result  being  twenty-five 
jwunds  of  magnetic  material  containing  70  per  cent,  of  metallic 
iron.  The  same  quantity  of  this  waste  product  from  another  steel- 
works gave  thirty-eight  pounds  of  magnetic  material. 

A  machine  was  sent,  a  short  time  ago,  to  the  Lackawanna  Iron 
and  Coal  Company,  at  Scranton,  Pa.  At  these  works  the  waste 
from  the  cupolas,  and  from  around  the  runners  at  the  converter,  has 
been  for  a  long  time  treated  by  putting  it  in  a  "  rambler,"  such  as 
is  used  for  cleaning  castings  at  foundries,  only  of  a  larger  size. 
The  fine  pieces  of  slag  and  iron  are  thus  broken  up  and  fall 
through  the  rambler;  and  these  have  always  been  sent  to  the  waste 
dump,  while  the  coarser  pieces  are  taken  from  the  rambler  and  sent 
to  the  cupola  to  be  melted  over  again.  At  present,  the  fine  waste, 
before  it  goes  to  the  dumj),  is  put  over  the  Wenstrbm  separator. 

The  following  is  the  result  of  eleven  days'  running  (from  March 
3  to  13,  1889),  four  and  a  half  hours  per  day,  198^  tons  of  waste 
being  put  over  the  machine.  From  this  quantity  there  was  ob- 
tained 35  tons,  3  cwt.  of  iron.  Two  men  were  added  to  the  force 
at  the  rumbler  to  handle  the  material  to  and  from  the  separator. 
The  engineer  was  the  same  who  ran  the  rumbler,  and  the  steam  for 
running  the  separator  was  obtained  from  the  same  boiler;  so  that 
the  total  expense  was  only  two  dollars  and  a  half  per  day  for  coal, 
labor  and  oil. 

The  handling  of  converter-cinder  on  a  large  scale  has  not  been 
undertaken  as  yet  by  the  Lackawanna  Company,  the  crusher  re- 
quired not  being  ready. 


2V02'£S     ON    THE    BEBNICE    ANTHRACITE    COAL-BASIN, 
SULLIVAN  COUNTY,  PA. 

BY  CLARENCE  R.  CLAGIIORN,  BIRMINGHAM,  ALA. 
(New  York  Meeting,  February,  1889.) 

Few  facts  relating  to  the  Bernice  anthracite  coal-basin  have  been 
published  in  our  Transadions,  and  little  is  known  among  engineers 
in  general  of  the  character  and  composition  of  the  coal  found  in 
that  basin. 
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The  Bernice  basin  is  the  westernmost  and  largest  of  a  nuni])er  of 
comparatively  small  coal-basins  in  Snllivan  and  Wyoming  counties, 
Pennsylvania,  formerly  known  as  the  Loyalsock  Mahoopany  coal- 
fields, but  now  collectively  designated  in  the  reports  of  the  Second 
Geological  Survey  of  Pennsylvania  as  the  Western-Northern  anthra- 
cite-field, on  account  of  its  geographical  position  with  respect  to 
the  other  fields  of  the  anthracite-region.  The  Bernice  basin  is 
situated  in  the  eastern  part  of  Sullivan  county,  on  the  North  or 
Allegheny  Mountain  plateau  (2000  feet  above  tide),  in  the  dividing 
ridge  between  Birch  creek  on  the  north  and  the  Big  Loyalsock 
creek  (after  which  the  basin  and  the  coal  were  named)  on  the  south, 
the  drainage  of  the  basin  being  divided  between  these  two  creeks. 
The  topography  of  the  region  underlain  by  coal  is  irregular,  but  com- 
paratively flat ;  and  the  underlying  rocks  conform  in  the  main  to 
the  configuration  of  the  overlying  ground.  This,  coupled  with  the 
fact  that  the  whole  region  is  exceedingly  wild  and  totally  undevel- 
oped, being  still  covered  with  virgin  forests  of  hemlock,  beech,  birch 
and  maple,  renders  it  impossible  to  obtain  an  accurate  geological 
section  of  the  measures,  or  to  do  more  than  approximately  locate 
the  outcrops  of  the  included  coal-beds.  In  1883  the  Second  Geo- 
logical Survey  of  Pennsylvania,  in  conjunction  with  the  State  Line 
and  Sullivan  Railroad  Company,  made  a  topographical  m:\p,  in  ten- 
foot  contour-lines,  of  the  area  included  within  the  basin;  and  in  1884, 
Mr.  Chas.  A.  Ashburner,  geologist  in  charge  of  the  anthracite-dis- 
trict of  the  Pennsylvania  Survey,  made  a  geological  exploration  of 
the  field  and  located,  as  nearly  as  was  possible,  considering  the 
character  of  the  country,  the  limits  of  the  coal-beds.* 

While  resident-engineer  at  the  mines  at  Bernice,  I  made  a  number 
of  geological  sections  of  the  measures  of  the  basin  ;  but  they  were 
very  conflicting  and  unsatisfactory,  because  few  rock-exposures  were 
to  be  had.  However,  the  sections  made  by  Mr.  Piatt  in  1879, f  and 
those  of  Mr.  Ashburner  made  in  1884,  agree  closely  with  mine,  and 
indicate  that  the  red  rocks  of  the  Mauch  Chunk  period  (No.  XL  of 
the  Pennsylvania  series)  come  in  not  more  than  180  feet  below  the 
coal.  In  the  Northern  anthracite-field,  only  forty  miles  away,  the  Potts- 
villeconglomerate.  No.  XII.,  has  been  proved  conclusively  to  be  very 
much  thicker  than  this  ;  and  this  fact,  together  with  others  observed 

*  The  results  of  Mr.  Ashburner's  careful  examination  of  the  field,  together  with 
the  topographical  and  geological  map  already  referred  to,  are  contained  in  the  An- 
nual Biport,  for  1885,  of  the  Second  Geological  Survey  of  Pennsylvania. 

f  Keport  GG.,  Lycoming  and  Sullivan  Cos.,  Penna.  Geol.  Survey. 
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about  the  smaller  coal-basins  in  Wyoming  county,  east  of  the  Bernice, 
indicates  that  the  coal-beds  of  the  Bernice  basin  are  in,  and  not  over, 
the  Pottsville  conglomerate.     Mr.  Ashburner  says  in  his  report :  * 

"There  seems  to  be  but  little  doubt  that  the  Bernice  coal-beds  are  the  true  geo- 
logical representatives  of  the  Lykens  Valley  coal-beds,  which  are  found  in  the 
Pottsville  conglomerate,  No.  XII.,  generally  throughout  the  anthracite-region,  but 
which  are  most  favorably  known  from  their  occurrence  in  the  Lykens  Valley  dis- 
trict, at  the  western  end  of  the  Southern  anthracite  field,  where  they  are  found  with 
their  maximum  thickness  and  purity  and  have  been  extensively  mined." 

These  coals  from  the  Lykens  Valley  district  are  very  similar  in 
character  and  composition  to  the  Bernice  coals.  The  chief  dissimi- 
larity is  in  the  color  of  the  ash  ;  the  Lykens  Valley  ash  being  red 
and  the  Bernice. white. 

The  cover  over  the  coal  is  generally  from  20  to  90  feet  thick,  but 
varies  with  the  dip  of  the  beds  and  the  topography.  The  geologi- 
cal structure  of  the  basin  is  comparatively  uninteresting.  Like  all 
anthracite-basins,  it  conforms,  in  the  main,  to  the  canoe-shape.  It 
underlies  an  area  probably  1500  feet  in  av'erage  width,  by  nearly  4 
miles  in  length,  the  longer  axis  lying  nearly  due  east  and  west. 
The  beds  dip  from  8  to  15  feet  from  the  outcrop  northward  and 
southward  to  this  axis,  but  contain  many  local  "  rolls  "  and  "sumps," 
from  which  tliere  is  no  water-level  outlet,  and  which  become  very 
troublesome  in  mining.  East  and  west  the  whole  basin  gradually 
dips  from  30  to  70  feet  towards  its  geographical  center. 

The  two  coal-beds  included  in  the  basin  are  locally  known  as  the 
"A"  and  "  B  "  beds.  The  lowest,  "A,"  having  nowhere  been  found 
to  exceed  from  10  to  20  inches  in  thickness,  is  without  economic 
value.  Bed  "B,"  from  40  to  65  feet  above  "A,"  has  been  exten- 
sively mined  during  the  past  twenty  years.  It  consists  of  three 
splits,  known  as  the  "  Bottom,"  "  Middle  "  or  ''  Fourteen-inch," 
and  "Top  "  coals  or  splits,  the  average  thickness  of  each  being  as 
follows : 


Bottom  coal, 

Middle  or  14-inch  coal, 

Top  coal,     . 


Feet. 

Inches.    Feet 

Inches. 

4 

0     to    5 

6 

1 

to    2 

3 

to    3 

6 

At  the  ends  of  the  basin  these  three  splits  are  separated  by  only  a 
few  inches  of  bony  coal  or  slate,  which  parts  easily,  thus  practically 
making  one  seam  from  8  to  10  feet  thick  ;  but  from  the  ends  towards 

*  Annual  Report,  Geol.  Survey,  1885,  p.  471. 
VOL.  XVII.— 39 
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tlie  midflle  of  the  basin  they  diverge,  the  top  split  running  nearly- 
level,  while  the  fourteen-inch  and  bottom  splits  rapidly  sink,  so  that, 
at  the  eenter  of  the  basin,  the  interval  between  the  top  and  foiirteen- 
inch  splits  is  from  45  to  60  feet,  and  that  between  the  fourteen-inch 
and  bottom  splits  from  15  to  25  feet. 

The  character  of  the  Bernice  coal  is  peculiar.  It  is  an  anthracite 
having,  as  it  comes  from  the  mines,  a  distinctly  bituminous  fracture. 
When  loaded  on  cars,  however,  after  preparation  for  market  by 
crushing  and  screening,  it  looks  very  much  like  the  ordinary  run  of 
the  softer  anthracites,  and  the  bituminous  fracture  is  more  difficult 
to  detect.  So  much  does  the  coal,  when  in  the  form  of  "run  of 
mine  "  {i.e.,  unprepared),  resemble  ordinary  bituminous  coal,  that 
former  operators  shipped  it  to  market  without  any  preliminary 
screening  or  sorting  of  the  pieces,  in  which  form  it  made  a  very 
unsatisfactory  and  undesirable  fuel ;  and  it  was  not  until  a  suitable 
"breaker"  was  erected,  and  the  coal  was  prepared  in  the  usual 
commercial  sizes,  that  it  found  anything  like  a  ready  sale. 

The  following  table  contains  analyses  made  by  different  chemists 
and  covering  the  period  from  1871  to  1888  : 

.Analyses  of  Coal  from  Bed  "  B  "  as  Shipped  to  Market. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Moisture 

0.96 

5.75 

83.95 

1.97 

7.62 

87.14 

1.295 
8.100 
83.344 
1.031 
6.230 

1.81 

6.56 

85.73 

5.90 

Volatile  matter 

Fixed  carbon  

3.56 

89.39 

1.04 

6.01 

8.56 
82.52 

7.01 
85.93 

7.58 
84.85 

Sulphur 

Ash     

8.92 

7.06 

7.57 

9.34 

3.27 

Total  

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.000 

100.00 

Sulphur 

0.339 
Trace 

0.24 

Phosphorus 

Analysts:  I.,  S.  Dana  Hayes,  November  22d,  1871  ;  II.,  Prof. 
F.  A.  Genth,  December  8th,  1881  ;  III.,  Dr.  Chas.  M.  Cresson, 
November  2d,  1882 ;  IV.,  Dr.  Chas.  M.  Cresson,  November  2d, 
1882  ;  v..  Prof.  Persifor  Frazer,  July  30th,  1883;  VI.,  Salom  and 
Weste-sson,  November  18th,  1885;  VII.,  Andrew  McCreath  (for  Geo- 
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logical  Survey  of  Pa.,  from  specimens  collected  by  Mr.  Piatt  in 
1885;  see  Annual  Report,  1885,  p.  477);  VIIT.,  Thomas  Hayes, 
Toronto,  February  10th,  1888. 

In  the  first  four  analyses  the  amount  of  moisture  is  contained  in 
the  estimates  of  volatile  matter.  For  purposes  of  comparison  I 
have  estimated  this  at  1.51  per  cent.,  the  average  for  the  last  four 
analyses,  and  have  thus  obtained  the  following  carbon-ratios  (ratios 
of  volatile  matter  to  fixed  carbon) : 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Carbon-ratio,  1 : 43.6 

11.7 

15.6 

13.9 

14  6 

n.4 

10.3 

13.08 

According  to  Dr.  Persifor  Frazer's  "  Classification  of  Coals,"*  first 
published  in  a  paper  presented  to  the  Institute,  and  now  generally 
accepted,  five  of  these  ratios  would  j)lace  Bernice  coal  among  the 
anthracites,  being  over  1:12.  The  other  three,  being  less  than  1:12 
would  place  it  among  the  .semi- anthracites ;  but  the  dividing  line  is 
very  indistinct.  According  to  a  trade-classification,  Bernice  coal  is 
a  true  anthracite,  many  of  the  Sharaokin  and  Lykens  Valley  ooak 
having  a  lower  carbon-ratio.f 

Analysis  No.  VIII.  was  made  under  peculiar  circumstances.  For 
many  years  the  State  Line  and  Sullivan  Railroad  Company,  a  miner 
and  shipper  of  Bernice  coal,  had  been  shij)pingcoal  to  Canadian  points, 
and  paying  duty  on  it  as  anthracite  according  to  the  tariff  law  of 
the  Dominion.  About  a  year  ago,  the  import-duty  on  anthracite 
was  removed,  while  that  on  bituminous  coal  was  retained  ;  and  there- 
upon the  Dominion  customs  officials  classed  this  coal  as  bituminous^ 
and  therefore  dutiable.  The  duty  was  paid,  but  under  protest,  and 
letters  and  affidavits  from  Prof.  Lesley,  State  Geologist  of  Pennsyl- 
vania, and  others,  were  forwarded  to  the  proper  authorities,  explaining 


*  Tram.,  vi.,  434. 

t  Mr.  Ashbiirner,  in  a  paper  read  before  the  Engineers'  Club  of  Pliiladelphia  in 
1884,  says  of  the  Bernice  coal :  "This  coal  would  be  called  a  semi-anthracite  oo 
account  of  the  jjercentages  of  volatile  matter  and  fixed  carbon  contained.  Tlie  per- 
centage of  volatile  matter  is  not  as  great,  however,  as  that  contained  in  many  of  the 
coals  from  the  Shamokin  and  Lykens  Valley  districts^  with  which  the  Loyalsock 
coal  favorably  compares.  The  Shamokin  and  Lykens  Valley  coals  are  called 
anthracites  by  the  trade,  and  on  this  basis  the  trade  must  consider  Loyalsock  or 
Bernice  coal  an  anthracite."  But  it  should  be  here  understood  that  Mr.  Ashburner 
based  his  opinion  on  analysis  No.  VII.,  made  for  tiie  Geological  Survey,  in  which 
the  carbon-ratio  is  considerably  lower  than  in  any  of  the  others. 
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the  true  oliaracter  of  the  coal.  Since  these  did  not  seem  to  be  sufficient 
to  effect  a  reversal  of  the  ruling,  a  sample  of  coal  was  finally  taken 
from  the  yards  of  one  of  the  consignees  in  Toronto,  and  analysis 
No.  VIII.  in  the  above  table  was  made  of  it  by  Mr,  Thomas  Hayes 
of  the  Ontario  School  of  Chemistry  and  Pharmacy.  According  to 
this  analysis,  the  coal  was  entitled  to  rank  as  a  true  anthracite;  and 
it  was  thereafter  allowed  to  enter  Canada  fvee  of  duty. 

Bernice  coal  ignites  easily,  burns  with  a  very  jiale  l)lue  flame,  and 
has  the  reputation  of  holding  fire  under  conditions  which  would 
cause  most  other  anthracites  to  "go  out."  It  never  clinkers,  even 
under  the  strongest  draft,  but  burns  totally  to  a  fine,  impalpable  ash. 
These  characteristics  iiiake  it  a  desirable  fuel  for  domestic  uses  and 
for  raising  steam.  In  the  ordinary  locomotive  fire-box  its  behavior 
is  not  satisfactory  ;  the  sharp  exhaust  "works"  the  fire,  so  that  the 
coal  breaks  into  small  pieces  and  is  either  shaken  through  the  grate- 
bars  or  blown  out  of  the  stack  by  the  exhaust.  But  in  a  roomy 
fire-box,  with  large  exhaust-nozzles,  such  as  those  used  on  "dirt- 
burners,"  there  is  no  reason  why  it  should  not  give  satisfaction. 
For  many  years  before  the  railroad  of  the  State  Line  and  Sullivan 
Company  was  leased  l)y  the  Lehigh  Valley  Railroad  the  coal  was 
burned  with  excellent  results  in  the  locomotives  of  the  former 
comj)any,  which  were  adapted  for  its  use. 

The  only  mining  operations  in  the  Bernice  basin  are  tho.se  of  the 
State  Lineand  Sullivan  Railroad  Company,  which  practically  owns  the 
entire  area  underlain  by  workable  coal-beds.  These  operations  are  at 
present  confined  to  the  western  end  of  the  basin  at  Bernice,  where  .seven 
drifts  have  been  opened,  only  two  of  which  are  now  producing  coal. 
Owing  to  the  slight  dip  North  and  South  to  the  center-line  of  the 
basin,  haulage  was  performed,  until  last  summer,  by  mules ;  but 
recently,  a  new  drift  having  been  opened,  a  9-  by  14-inch  mine-loco- 
motive was  introduced,  to  move  the  coal  from  a  main  turnout,  1500 
feet  inside,  to  the  breaker.  This  locomotive,  although  only  worked 
to  half  its  capacity,  has  replaced  eighteen  mules  and  five  drivers. 
Mining  is  done  by  the  usual  pillar-and-brcast  .system  ;  but  the  fre- 
quency of  "  rolls"  or  "sumps,"  from  which  there  is  no  water-level 
outlet,  renders  a  regular  disj)osition  of  the  mine-workings  iinpo.ssible. 
AVhere  the  interval  between  the  top  and  bottom  splits  is  not  more 
than  8  feet,  the  toj)-coal  is  mined  at  the  same  time  as  the  bottom  ; 
or  the  rooms  arc  driven  up  in  the  bottom-coal  and  the  top-coal  is 
worked  back,  when  the  robbing  of  pillars  takes  place.  But  where 
this  interval  exceeds  8  feet,  distinct  mining  operations  are  carried  on 
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in  each  split,  "  break-throughs  "  or  "  cross-cuts  "  being  kept  as  near 
as  possible  to  the  main  working-faces  in  the  top-coal  by  blasting 
down  the  roof  in  a  bottom-coal  room,  grading  it  off,  and  laying  a 
road  upon  it.  In  these  cross-cuts  either  mules  or  self-acting  inclines 
are  used  to  move  the  coal.  Drainage  is  either  natural  or  is  effected 
by  syphons  or  pumps.  Two  years  ago,  a  shaft  was  sunk  80  feet  to 
the  coal,  near  the  center  of  the  basin,  and  at  its  deepest  point,  as  nearly 
as  this  could  be  determined,  and  was  connected  with  the  main 
workings  by  a  long  gangway  in  the  coal.  In  this  shaft  a  Davidson 
pump,  with  a  six-inch  discharge,  takes  care  of  all  the  water  from  the 
mines. 

Former  operators  of  the  mines  either  neglected  to  mine  the  top- 
coal  altogether,  or  failed  to  keep  its  workings  in  advance  of  those  in 
the  bottom;  and,  as  a  consequence,  considerable  difficulty  was  ex- 
perienced in  maintaining  the  top-coal  haulage-roads, since  the  bottom- 
coal  pillars,  in  settling,  caused  heavy  falls  of  rock,  thereby  disturb- 
ing the  floor  of  the  top-coal.  The  present  management  has  made 
special  efforts  to  advance  the  upper  workings  beyond  those  in  the 
bottom-coal  ;  and  not  until  this  course  was  pursued  was  the  difficulty 
of  working  removed. 

Beruice  coal  is  prepared  for  market  in  the  usual  smaller  sizes, 
grate,  egg,  stove,  chestnut,  pea  and  buckwheat,  there  being  no  de- 
mand for  it  as  lump  or  steamboat.  The  method  of  preparing  the 
coal  coincides,  in  the  main,  with  that  followed  in  the  other  anthra- 
cite districts,  that  is,  it  is  a  combination  of  crushing  and  screening, 
but  the  Bernice  breaker  has  some  peculiar  features,  the  most  im- 
portant being  the  form  of  the  crushing  apparatus.  Instead  of  pass- 
ing between  toothed  or  fluted  rolls,  as  is  the  general  custom,  the 
coal  is  dumped  from  the  mine-car  (over  the  "mud-"  screen  bars) 
upon  a  large  horizontal,  perforated  cast-iron  table.  This  table,  re- 
volved by  suitable  gearing,  carries  the  coal  beneath  the  crusher 
proper,  which  consists  of  a  cast-iron  head,  in  which  are  set,  by 
bolts,  32  steel  teeth,  and  which  is  worked  vertically  up  and  down 
by  means  of  eccentrics,  somewhat  after  the  manner  of  a  stamp  in  a 
stamp-mill.  The  coal  carried  around  by  the  table  is  struck  by  the 
crusher-teeth,  broken  into  small  pieces,  and  so  carried  off.  The 
shape  of  the  teeth,  relative  speed  of  the  table  to  the  number  of 
strokes  of  the  crusher,  and  distance  of  the  teeth  from  the  table,  are 
conditions  determining  the  size  of  coal  obtained,  and  can  be  regu- 
lated at  will.  This  machinery  appears,  at  first  sight,  to  be  crude; 
but  extensive  tests  show  that  it  operates  successfully  on  coals  like 
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the  Bernice,  whicli  require,  by  reason  of  their  softness  and  structure, 
peculiar  treatment  in  preparation.  From  the  crusher  the  coal  ^oes 
directly  to  screens  of  the  t)r(linary  revolving  type,  by  which  it  is 
separated  into  the  various  commercial  sizes. 

At  present,  the  only  railroad  tapping  the  Bernice  field  is  the  State 
Line  and  Sullivan  Kailroad,  owned  by  the  company  of  that  name, 
but  operated  under  lease  since  1884  by  the  Lehigh  Valley  Railroad. 
This  road  runs  from  the  n)ines  at  Bernice,  thirty  miles  to  Towanda, 
on  the  main  line  of  the  Lehigh  Valley  Kailroad.  Next  year,  however, 
there  will  be  extensive  developments  in  the  railroads  of  Sullivan  county. 
The  Lehigh  Valley  Railroad  has  already  extended  the  State  liine  and 
Sullivan  road  some  fifteen  miles  southeastof  Bernice,  the  plan  being  to 
connect  it  with  the  Harvey's  Lake  branch  of  that  road  coming  up 
toward  Bernice  from  Coxton.  The  Bloomsburg  and  Sullivan  Railroad 
has  already  completed  a  line  from  Bloomsburg  to  Jamison  City,  at  the 
foot  of  North  Mountain,  and  proposes  to  complete  the  road  to  Ber- 
nice within  the  next  eighteen  months.  The  Williamsportand  North 
Branch  Railroad,  which  is  already  built  from  Hall's  Station  on  the 
North  branch  of  the  Susquehanna  to  Nordmont,  only  fourteen 
miles  from  Bernice,  will  complete  the  line  to  Bernice  during  the 
coming  season.  And,  lastly,  the  \Villiamsport  and  Bingharapton 
Railroad,  projected  to  connect  the  two  cities  of  Williamsj)ort  and 
Binghampton,  and  now  under  contract  for  construction,  will  taj)  the 
State  Line  and  Sullivan  Railroad  near  Dushore,  only  four  miles 
from  Bernice.  Possessing  the  extensive  mines  of  the  State  Line  and 
Sullivan  Railroad  Company,  and  thus  becoming  a  center  for  five 
railroads,  Bernice  should  soon  be  a  thriving  town. 

The  total  product  of  coal  from  the  Bernice  field,  from  1871  (the 
earliest  year  for  which  records  are  obtainable,  though  the  mines  were 
opened  in  1869)  to  1886  was  1,197,236  tons  (2240  pounds).  Li 
1887  the  product  amounted,  for  the  year,  to  96,000  tons  and  in  ]  888 
to  105,107  tons.  Bernice  coal  finds  its  best  market  throughout 
New  York  State  and  the  West;  and  in  Baltimore  and  Washington, 
where  thesoft  free-burning  anthracite  coals  are  used,  it  finds  a  ready 
sale. 

The  small  coal-bed  "  A,"  occurring  from  40  to  65  feet  below  "  B," 
while  of  no  economical  importance,  possesses  considerable  geological 
interest  by  reason  of  the  fact,  indicated  by  all  the  analyses  now  at 
liand,  that  it  changes  in  character  from  anthracite  to  bituminous 
coal  within  less  than  a  mile  and  a  half.  This  bed  has  only  been 
opened   in  three  places :  the  "  Mylert  opening,"  near  the  extreme 
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western  end  of  the  field  ;  the  "  Jackson  opening,"  one  and  a  half 
miles  east  of  the  Mylert  opening  and  near  the  town  of  Bernice;  and 
the  *'  Heiss  opening,"  about  five  miles  east  of  the  Jackson  opening, 
and  near  the  eastern  end  of  the  field. 

In  1886  I  reopened  the  Mylert  opening,  drifted  in  on  the  coal, 
and  took  specimens  which,  being  analyzed  by  Messrs.  Salom  and 
Westesson,  of  Philadelphia,  gave  the  following : 

Per  cent. 

Moisture, 1-43 

Volatile  matter, 10.17 

Fixed  carbon, 85.72 

Ash, 2.68 

100.00 

Sulphur, 0.12 

Carbon-ratio, 1 : 8.4 

The  Jackson  opening  was  sampled  by  Mr.  Piatt  in  1877,  and  again 
by  Mr.  Ashbiirner  in  1884  ;  and  the  samples  being  analyzed  by  Mr. 
McCreath  gave : 

1877.  1884. 

Per  cent.  Per  cent. 

Moisture, 4.130  3  670 

Volatile  matter, 15.270  15.420 

Fixed  carbon, 67.362  71.341 

Sulphur, 523  .594 

Ash, 12.715  8.975 

100.000  100.000 

Carbon  ratio, 1 :  4.4  1 :  4.6 

The  Heiss  opening  has  never  been  sampled  for  analysis.  I  havi 
several  times  visited  it  for  that  purpose  ;  but  sufficiently  good  sam- 
ples of  coal  could  not  be  obtained,  except  by  the  expenditure  of  con- 
siderable time  and  money. 

Upon  examining  the  foregoing  analyses  it  will  be  seen  that  the 
Mylert  coal  shows  a  semi-anthracitic  composition,  or,  by  trade  classi- 
fication, that  of  an  anthracite;  while  the  coal  from  the  Jackson 
opening  appears  to  be  true  bituminous  coal.  This  change  takes 
place  within  one  and  a  half  miles.  It  would  be  interesting  to  know 
just  where  the  merging  line  from  one  to  the  other  is  located.  The 
character  of  the  coal  at  either  one  or  the  other  of  these  openings  may 
be  only  local  and  cover  but  a  small  area.  It  would  be  interesting 
to  geologists  also  to  have  the  character  of  this  bed  clearly  defined, 
as  it  might  lead  to  the  final  settlement  of  some  vexed  questions  as  to 
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the  mode  of  formation  of  anthracite  coal.  If  this  bed  "A"  is  a 
true  hitiiininous  bed,  occurring;  as  it  does  40  to  65  feet  below  a  true 
anthracite  bed  ("  B  "),  the  theory  of  the  formation  of  anthracite  by 
the  action  of  heat  on  bituminous  coal  could  scarcely  be  applied  to 
this  case;  for  it  is  not  easy  to  conceive  of  any  heat,  apart  from  an 
eruptive  overflow,  affecting  a  certain  coal-bed  over  a  considerable 
area,  and  not  affecting  another  bed  only  40  feet  below  it. 


THE   DISTRIBUTION  OF  PHOSPHOBUS  IN  THE  LUDING- 
TON MINE,  IRON  MOUNTAIN,  MICHIGAN:  A 
STUDY  IN  ISOCHEMIC  LINES. 

BY  DAVID   H.    BROWNE,   ANN   ARBOR,    MICH. 

(New  York  Meeting,  February,  1889.) 

One  of  the  most  difficult  problems  in  the  chemistry  of  iron-ore, 
and  one,  the  solution  of  which,  so  far  as  I  am  aware,  has  never  been 
attempted,  is  the  distribution,  throughout  a  given  vein,  of  Besse- 
mer ore,  and  its  relation  to  the  formation  of  the  deposit.  In  those 
hematite-mines  in  which  both  Bessemer  and  nou-Bessemer  ore  occur, 
the  sorting  of  the  ore  as  it  lies  in  the  deposit  becomes  a  problem  of 
much  economic  as  well  as  scientific  interest.  It  would  seem,  from 
a  superficial  examination,  or,  indeed,  from  any  exanwnation  not  con- 
ducted for  this  especial  purpose,  as  if  high-  and  low-phosphorus  ores 
were  mixed  in  inexplicable  confusion  ;  and  a  mining-chemist  is  very 
apt  to  fall  into  a  system  of  adventitious  analyses,  taking  first-class 
ore  wherever  he  can  find  it,  and  overlooking  its  relation  to  the  for- 
mation and  position  of  the  vein.  I  hope  that  a  few  notes  which  I 
present  on  this  subject  may  be  found  worthy  of  consideration,  as 
throwing  a  new  light  upon  this  obscure  topic. 

During  the  last  three  years,  while  acting  as  chemist  of  the  Lum- 
berman's Mining  Co.,  I  have  made  some  3000  analyses  of  iron-ore 
from  the  Ludington  mine  at  Iron  Mountain,  Michigan.  These 
analyses  were  necessary  in  order  to  separate  Bessemer  and  non-Besse- 
mer ore  which  occurred  intermixed  in  the  deposit.  During  the  last 
year,  I  attempted  in  several  ways  to  find  some  reason  or  method  in 
the  distribution  of  phosphorus,  and  have  finally  become  cognizant 
of  the  arrangement  herein  outlined.  I  have  been  obliged  to  confine 
my  attention  to  our  new  mine,  and,  in  that,  to  that  portion  wherein 
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the  commercial  quality  of  the  ore  was  such  as  to  demand  for  it  care- 
ful sampling  and  separation.  The  analyses  and  conclusions  drawn 
therefrom  are  given  merely  as  facts  found  to  exist,  and  I  do  not 
claim  that  such  sequence  as  I  have  noticed  will  obtain  in  all  or 
every  case.  I  simply  state  what  results  I  have  obtained  in  an  in- 
stance falling  under  my  own  observation,  and  I  give  some  conclu- 
sions toward  which  the  data  seem  to  lead. 

The  Ludington  mine,  like  most  on  the  Menominee  range,  consists 
of  several  lenticular  deposits  of  soft  blue  hematite.  These  deposits 
are  contained  between  clay  and  soap  slates,  which  conform  with  the 
Huronian  strata  represented  in  the  district.  The  main  deposit  is 
about  700  feet  in  length;  striking  N.  75°  W.,  pitching  about  45° 
W.,  and  dipping  from  70°  to  80°  N.  The  ore  is  a  very  rich,  soft, 
friable,  bluish-black  hematite,  occurring  in  thin  laminae,  which 
cleave  from  each  other  very  readily  in  the  direction  of  the  strike  of 
the  deposit.  These  layers  alternate  in  places  with  layers  of  calcium- 
magnesium  carbonate.  The  ore  shows  by  analysis  from  65  to  68 
per  cent,  iron,  1  to  4  per  cent,  silica,  and  from  0.005  to  0.200  per 
cent,  phosphorus.  It  is  separated  into  Bessemer  and  non-Besse- 
mer; about  one-half  falling  below  0.035  phosphorus,  and  the  rest 
averaging,  perhaj)s,  0.075. 

At  first  sight  the  ore,  upon  analysis,  seems  to  have  no  regularity 
or  method  in  its  distribution  of  phosphorus.  A  room,  as  stoped 
out,  will  change  from  Bessemer  to  non-Bessemer,  or  vice  versa,  in  a 
way  at  first  totally  inexplicable. 

The  fact  that  phosphorus  exists  as  calcium  phosphate  led  me  to 
infer  that  some  proportion  between  the  percentage  of  lime  and  phos- 
phorus might  be  found  to  exist ;  but  such  inference  was  not  verified 
in  practice.  An  ore  containing  2  per  cent,  of  lime  may  contain 
almost  no  phosphorus,  or  may  run  high  above  Bessemer  limits. 
Nor  does  any  proportion  exist  between  the  amount  of  silica  or  of  iron, 
and  the  phosphorus  content.  I  have  seen  phosphorus  vary  as  much 
in  jasper  as  in  any  iron-ore;  and  similarly  a  lean  ore  may  run  high 
or  low  in  its  percentage  of  phosphorus.  The  only  difference  I  could 
find  between  Bessemer  and  non-Bessemer  ores  was  this :  As  a  rule, 
a  soft  blue  hematite,  high  in  phosphorus,  has  a  brighter  and  more 
specular  appearance  than  a  low-phosphorus  ore  of  the  same  value 
in  iron.  This  distinction,  slight  as  it  is,  does  not  always  hold  good, 
and  the  separation  of  such  ores  must  be  guided  solely  by  chemical 
analyses. 

The  fact  that  the  bright  ore  is  generally  high  in  phosphorus,  and 
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Fig.  2. 
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that  such  ore  is  almost  always  found  near  the  hanging- wall,  led  me  to 
search  for  some  regularity  of  phosphorus  distribution  dependent  upon 
the  position  of  the  ore.  After  making  an  analysis  of  the  ore  from  any 
room,  drift,  or  winze,  I  marked  the  percentage  of  phosphorus  in  a 
map  of  that  portion  of  the  mine.  Having  thus  obtained  a  chemical 
map  of  each  room,  I  noticed  in  each  a  certain  I'egularity  which 
seemed  to  me  to  throw  considerable  light  both  upon  this  problem  of 
phosphorus-distribution,  and  upon  the  vexed  question  of  the  method 
of  formation  of  soft  blue  hematite  deposits. 

In  order  to  give  a  clear  idea  of  this  relation,  I  must  first  state  a 
few  facts  with  regard  to  the  physical  features  of  the  deposit.  As 
previously  observed,  the  so-called  "  veins  "  of  the  Ludington  mine 
stand  nearly  vertical,  dipping  north  and  pitching  west.  A  hori- 
zontal cross-section  of  the  ore-body  shows  it  to  form  an  elongated 
lens,  about  65  feet  thick  at  the  center,  and  tapering  to  an  acute 
point  at  both  ends.  (See  Fig.  16.)  A  vertical  cross-section  shows 
the  dip  to  the  north,  and  also  the  fact  that  the  hanging-wall  is  more 
curved  than  the  foot.  A  cross-.section  of  the  Chapin  mine,  which 
possesses  the  same  physical  features  as  the  Ludington,  shows  this 
very  plainly.     (See  Fig.  17.) 

A  horizontal  cross-section  of  a  small  vein  shows  that  the  hanging- 
wall  curves  toward  the  foot.  On  large  veins,  the  strata  have  been 
subjected  to  so  much  lateral  flexure  that  this  curvature  is  not  clearly 
seen.  On  small  veins  it  is  unmistakable.  (Fig.  18.)  I  must  here 
observe  that  in  the  greater  number  of  mines  on  the  Menominee 
range  the  dip  is  to  the  south  ;  and  hence  what  is  called  the  hanging- 
wall  in  the  Chapin  and  Ludington  mines  answers  in  other  mines  to 
the  foot-wall.  If  we  attempt  to  make  an  ideal  vertical  longitudi- 
nal section  of  the  ore-deposit,  it  seems  to  have  the  shape  outlined 
in  Fig.  19.  A  study  of  the  eastern  and  western  limits  of  the  Cha- 
pin mine  seems  to  verify  this  idea.  Fig.  13  gives  a  vertical  longi- 
tudinal section  of  a  small  vein  in  the  Ludington  mine,  in  which 
this  shape  is  very  clearly  seen.  The  ore  will  now  be  understood  to 
lie  in  the  form  of  lenticular  deposits,  dipping  north  and  pitching 
west. 

With  regard  to  the  content  of  phosphorus,  the  first  thing  notice- 
able was  that«if  a  room,  in  stoping.  up,  changed  from  non-Bessemer 
to  Bessemer  ore,  such  change  was  liable  to  occur  first  at  the  foot- 
wall  side  of  the  room.  In  making  maps  of  those  rooms  in  which 
change  occurred,  it  was  also  noticeable  that  the  ore  at  the  eastern  end 
of  the  rooms  was  higher  in  phosphorus  than  that  at  the  western  end. 
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(See  Fig.  2.)  The  most  typical  room  was  Shaft  2,  Level  5,  Room  7, 
which  is  outlined  in  Fig.  1.  This  room  was,  if  I  remember  rightly, 
about  3J  sets  from  east  to  west,  and  6  sets  from  foot  to  hanging.  (A 
set  is  a  space  8  by  8  by  8  feet,  outlined  by  the  timbers  used  to  support 
the  back.)  From  the  ground-plan  of  this  room,  it  will  be  noticed 
that  the  ore  showed  a  marked  regularity  of  formation.  Follow  the 
course  of  the  hanging-wall,  and  trace  the  increase  of  phosphorus 
from  0.068  at  the  west  hanging-wall  set  to  0.078,  0.086,  0.100,  and 
finally  0.156  on  the  east  hanging-wall  set.  In  the  same  manner, 
though  less  strikingly,  the  ore  on  the  foot- wall  shows  increase  from 
0.020  in  Room  8  to  0.032  on  the  east  foot-wall  set  in  Room  7.  Besides 
this  regularity  from  west  to  east  there  is  a  corresponding  increase 
from  foot- wall  to  hanging.  Notice  the  gradual  change  from  0.032  and 
0.028,  on  the  foot-wall,  to  0.045  and  0.040  in  the  middle,  and  0.1 56  and 
0.068  on  the  hanging.  The  streak  of  low-phosphorus  ore,  0.021,0.018, 
0.020, 1  will  speak  of  again.  On  inspection.  Figs.  1  to  11  will  also 
show  the  same  peculiarity;  and  a  large  number  of  average  analyses 
corroborate  the  conclusion  that,  as  a  rule,  in  this  mine,  the  ore  in- 
creases in  percentage  of  phosphorus  from  foot-wall  to  hanging,  and, 
generally  speaking,  from  west  to  east.  It  frequently  happens,  how- 
ever, that  a  streak  of  high-  or  low-phos])horus  ore  crosses  a  room 
from  west  to  east,  as  in  Figs.  1,14  and  15.  This  seems  to  be  due 
to  the  fact  that  one  or  more  individual  layers  of  ore  were  originally 
either  very  high  or  very  low  in  phosphorus,  and  this  individuality 
has  not  been  obscured  by  subsequent  changes.  Moreover,  an  irregu- 
larity is  often  noticed  in  the  increase  from  west  to  east.  This  ten- 
dency is  not  nearly  so  uniform,  or  so  well  marked,  as  is  the  increase 
from  foot-wall  to  hanging-wall.  Nor  is  this  to  be  wondered  at;  for, 
since  the  layers  of  ore  present  smooth  surftices  in  the  direction  of  foot 
and  hanging-walls,  an  average  of  the  ore  along  a  series  of  sets  on 
the  foot- wall  will  represent,  roughly,  analyses  of  at  most  a  very  few 
layers  of  ore.  In  this  way  it  will  be  seen  why  analyses  taken  from 
foot  to  hanging  show  more  regularity  of  composition  than  do  analy- 
ses taken  east  and  west.  In  driving  a  drift  or  stoping  a  room,  on 
the  other  hand,  where  analyses  are  taken  in  an  eastern  and  western 
direction,  averages  are  taken  of  a  large  number  of  separate  deposits, 
and  as  these  are  much  flexed  and  broken,  the  analj'^es  show  little 
method  or  correspondence.  Supposing  each  layer  of  ore  has  a  thick- 
ness of  half  an  inch  (which  is  much  above  the  average),,  there  will 
present  themselves  for  analysis,  in  the  breast  of  a  drift  8  feet  wide, 
the  edges  of  no  less  than  192  layers  ;  and,  in  consequence,  more  con- 
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fusion  is  lial)le,  and  does  occur,  in  analyses  taken  east  and  west  than 
in  those  taken  nortii  and  south. 

Having  obtained  thus  a  general  idea  of  how  the  lines  of  phospho- 
rus tend  in  two  directions,  the  next  question  naturally  is,  what  would 
be  the  lines  of  equal  phosphorus-content  in  any  individual  layer  of 
ore.  These,  for  want  of  a  better  terra,  1  have  herein  been  obliged 
to  term  "isochemic"  lines.  It  is  evident  that  mere  analyses  of 
the  ore  in  the  breast  of  a  drift  or  in  the  bottom  of  a  winze  would  not 
give  any  clue  to  the  isochemic  lines  of  a  particular  stratum  of  ore. 
They  would  simply  show  the  average  of  some  hundred  separate  strata. 
It  is  also  evident  that  no  analysis  would  represent  accurately  the  char- 
acter of  an  individual  layer,  unless  this  layer,  in  no  case  over  half  an 
inch,  and  rarely  over  one-quarter  inch  in  thickness,  could  be  followed 
by  chemical  analyses  along  drifts,  and  up  stopes,  and  down  winzes 
and  shafts,  for  a  distance  in  some  way  proportionate  to  the  extent 
covered  by  the  ore-deposit,  of  the  thickness  of  which  it  forms  a  very 
small  part.  This  would  be,  and  for  me  was,  practically  impossible. 
For  analyses,  to  be  of  commercial  value,  must  show,  not  the  amount 
of  constituents  in  any  particular  stratum  of  a  deposit,  but  an  average 
of  that  amount  of  ore  which  a  gang  of  men,  working  under  contract, 
can  take  out  of  a  given  room  before  another  analysis  be  made.  For 
this  reason  I  have  been  obliged  to  confine  myself  to  analyses  which 
represent  averages  of  perhaps  200  or  more  layers,  and  from  these 
analyses  I  have  attempted  to  outline  the  probable  direction  of  iso- 
chemic lines  in  separate  strata.  It  is  plain  that,  if  a  single  layer  of 
ore  shall  have  its  percentage  of  phosphorus  in  some  way  modified 
by  its  manner  of  deposition,  every  other  layer  of  ore,  subjected  to 
similar  conditions,  will  be  in  similar  manner  modified  ;  and,  in  conse- 
quence, analyses  representing  averages  of  a  large  number  of  strata, 
will  show  the  characteristics  common  to  each  individual  stratum. 

In  sinking  a  winze  in  Shaft  5,  Level  oh,  Room  1,  the  following 
facts  were  noticed :  The  drift  running  east  from  the  winze  showed 
ore  running  from  0.013  phosphorus  to  0.030;  the  winze  as  sunk 
passed  through  ore  running  from  0.015  up  to  0.030;  lines  drawn  from 
the  point  in  the  drift  where  a  certain  amount  of  phosphorus  was 
noted  to  a  corresponding  point  in  the  winze,  showed  an  angle  of 
about  45°,  which  corresponded  with  the  pitch  of  the  ore.  (Fig.  12.) 

Again,  in  sinking  the  winze  in  Shaft  5,  Level  5|,  Room  2,  a  de- 
crease in  amount  of  phosphorus  was  noted,  which  was  paralleled  by 
the  decrease  in  the  amount  of  phosphorus  in  the  entry  to  the  east. 
Similarly,  in  sinking  Shaft  5,  and  in  sinking  winzes  from  Rooms  2 
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and  3  on  the  seventh  level,  the  continuance  of  isochemic  lines,  with 
a  pitch  ol"  40^  to  50°,  was  noticed.  (Fig.  21.) 

If  now  we  take  np  a  small  vein,  as  that  composing  Rooms  4  and  5 
of  Shaft  A,  Level  G,  and  attempt  to  outline  the  isochemic  lines  in  the 
plane  of  the  winzes,  the  regularity  is  at  once  patent.  On  the  level  of 
the  entry  the  first-class  ore  was  confined  to  the  west  set,  and  one-half 
of  the  next  set  east.  As  the  room  was  sto[)ed  up,  the  first-class  ore 
seemed  to  \yiden  and  gain  somewhat  toward  the  east.  (Fig.  13.) 
Analyses  taken  of  a  small  and  very  characteristic  vein,  forming  Room 
4  of  Shaft  1,  Level  6,  showed  also  the  tendency  of  the  phosphorus 
to  gain  towards  the  upjier  part  of  the  deposit  and  to  maintain  uni- 
formity in  the  direction  of  the  dip  of  the  deposit.  (Fig.  10.) 

In  attempting  to  draw  up  a  vertical  longitudinal  section  of  the 
western  end  of  the  mine  the  principal  difficulty  lay  in  reducing  so 
many  analyses  to  the  same  plane.  In  consequence  of  the  imprac- 
ticability of  attempting  to  represent  every  analysis  taken,  and  its  re- 
lation to  others  in  the  same  vein,  I  have  been  obliged  to  select  those 
analyses  which  represent  averages.  The  figures  entered  in  the  draw- 
ing represent,  therefore,  the  average  percentage  of  phosphorus  in  the 
ore  in  that  particular  place  covered  by  the  figures.  Fig.  20  gives 
the  detail  of  various  averages  in  Rooms  1  and  2  of  Shaft  5,  Levels  5 
aud  6,  in  the  plane  of  the  shaft. 

AVhile  the  ore  left  in  the  pillars  has  not  been  subjected  to  analysis, 
I  have,  for  the  sake  of  convenience,  drawn  through  the  pillars  the 
isochemic  lines  indicated  by  the  percentage  of  phosphorus  in  the 
rooms  which  they  support.  Fig.  23  is  an  attempt  to  apply  the  same 
system  to  the  entire  course  of  Shaft  5.  By  actual  measurement  the 
distances  along  various  levels,  through  which  certain  average  per- 
centages of  phosphorus  obtained,  have  been  carefully  ascertained, 
and  the  exact  point  at  which  change  occurred  from  Bessemer  ore  to 
non-Bessemer,  was  located  in  the  section-map  to  correspond.  The 
curvature  of  the  isochemic  lines,  therefore,  is  in  accurate  correspond- 
ence with  the  course  of  high-  and  low-phosphorus  throughout  the 
western  end  of  the  Ludington  mine.  The  drawing  of  various  rooms 
and  pillars  is  in  this  map  omitted.  The  curved  lines,  when  close  to- 
gether, re])resent  high  phosphorus.  The  arrows  indicate  the  direc- 
tion of  low-phosphorus,  and  the  figures  represent  averages  of  several 
hundred  analyses,  taken  in  the  immediate  neighborhood  indicated 
thereby.  From  the  map  it  will  be  noticed  that  on  the  upper  levels 
the  greater  portion  of  the  ore  is  non-Bessemer.  On  the  western  end 
a  small  streak  of  Bessemer  ore  follows  the  shaft,  gaining  to  the  west 
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until  it  reaches  the  fifth  level,  where  it  flexes  east  and  joins  the  main 
current  of  first-class  ore  that  flows  upward  and  eastward  from  the 
lower  end  of  Shaft  5.  Tiie  non-Bessemer  ore  follows  the  western 
boundary  of  rock,  and  seems  to  accumulate  in  shoals  outlined  by 
projections  or  intrusions  of  jasper. 

In  stoping  up  Room  1  of  Shaft  5,  Level  7,  through  ore  gradually 
increasing  in  phosphorus,  a  thin  seam  of  rock  was  encountered.  As 
analysis  of  the  drift  100  feet  overhead  had  shown  low  phosphorus,  I 
concluded  that  the  ore  found  over  this  rock  would  be  of  first-class 
quality.  The  winzes  in  Room  1  had  not  at  this  time  been  sunk,  nor 
had  any  ore  from  above  the  rock  been  taken  for  analysis.  The  only 
indication  offered  of  its  probable  quality  was  that  afforded  by  the 
passage  of  the  drift  100  feet  above,  and  of  the  shaft  50  feet  to  the 
west  through  first-class  ore.  Analyses  had  been  made  of  two  sides 
of  a  triangle  ;  and,  upon  the  supposed  consistency  and  continuance 
of  isochemic  lines,  prediction  was  made  that  the  ore  found  above 
this  rock  was  first-class.  I  was  at  this  point  called  to  New  York 
on  business;  and,  before  leaving,  left  word  with  the  mining  cap- 
tain that  any  ore  found  ai)Ove  this  rock  should  be  sent  up  for  Bes- 
semer ore.  On  returning  to  the  mine  some  three  weeks  later,  I 
found  that  tlie  rock  in  this  room  had  been  pierced  and  about  200 
tons  of  ore  from  overhead  sent  up  and  dumped  on  the  first-class 
stock-pile.  Analysis  of  this  ore  showed  it  to  be  from  0.011  to  0.027 
phosphorus,  which  will  be  seen  to  agree  with  other  analyses  along 
the  isochemic  line.  (Fig.  21.) 

Below  this  seventh  level,  at  the  western  part  of  the  vein,  the 
intrusion  of  rock  seems  to  have  caused  an  inflow  of  high-phosphorus 
ore.  It  appears  as  if  this  rock  had  formed  shoal- water  on  its  lower 
side,  and  into  this  shallow  the  lighter  particles  of  calcium  phosphate 
had  drifted.  In  a  large  number  of  instances  I  have  noticed  this 
tendency  of  rock,  occurring  in  vein-matter,  to  alter  the  percentage 
of  phosphorus  in  the  adjoining  ore.  In  fact,  T  do  not  remember 
any  instance  in  which  a  horse  of  jasper  did  not  in  some  way  alter  the 
proportion  of  phosphorus  in  the  ore  penetrated  by  it.  The  state- 
ment that  high  phosphorus  follows  rock  is  one  which  is  corroborated 
by  every  one  familiar  with  the  mine  under  consideration. 

Another  fact  I  must  state  is  this :  On  the  upper  levels  of  Shaft 
5  almost  all  the  non-Bessemer  ore  mined  was  exceedingly  high 
in  phosphorus.  The  ore  found  on  the  lower  levels  shows  a  greater 
tendency  to  uniformity;  the  difference  between  ore  below  and  above 
Bessemer  limit  being  less  striking.  A  glance  at  the  sketch-map, 
VOL.  xvir. — 40 
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Fig.  23,  will  show  this  clearly.  It  was  no  uncommon  occurrence  on 
the  third  and  fourth  level,  and  in  the  western  end  of  the  open  pit, 
to  find  streaks  of  ore  running  as  high  as  0.350  phosphorus.  Xow, 
such  ore  is  very  rarely  met  with.  The  average  of  non-Bessemer  ore 
on  the  upper  levels  of  Shaft  5  was  somewhere  near  0.150  phosphorus. 
The  average  of  non-Bessemer  at  present  drawn  from  Shaft  5  is 
probably  0.075  or  0.080.  Again,  on  the  upper  levels,  some  streaks 
of  low-phosphorus  ore  were  found,  but  in  narrow,  irregular  courses. 
On  the  lower  levels  the  reverse  of  this  is  true,  the  first-class  ore 
occupying  the  larger  part  of  the  deposit. 

To  state  this  in  general  terms  :  The  tendency  of  phosphorus,  on 
this  vein,  is  to  increase  in  percentage  with  the  distance  from  the  lower 
western  extremity  of  the  deposit.  This  is  not  true  of  the  eastern  end 
of  the  mine,  in  which  the  upper  portion  of  the  deposit  is  low-phospho- 
rus. This  low  percentage  seems  due  to  the  fact  that  a  large  horse  of 
jasper,  occurring  near  the  middle  of  the  vein,  has  thrown  the  current 
of  Bessemer  ore  to  the  east;  and  below  this  comes  the  drift  of  high- 
phosphorus  ore,  met  with  on  the  lower  levels  of  Shaft  5. 

In  endeavoring  to  correlate  these  isochemic  lines  with  the  phys- 
ical phenomena  of  the  deposit,  the  only  theory  which  will,  to  my 
mind,  furnish  adequate  explanation,  is  that  of  aqueous  deposition. 
The  easy  longitudinal  cleavage  of  the  laminae  of  ore,  the  curvature 
in  small  veins  of  the  hanging-wall  towards  the  foot,  the  numerous 
ripple-raarks  found  on  the  hanging-wall  and  the  hydrated  muddy- 
looking  ore  next  to  the  foot-wall,  all  seem  to  indicate  that  the  ore 
was  deposited  from  water  in  hollows  of  the  exposed  slates  which 
now  form  the  hanging-wall.  Furthermore,  since  it  is  well  under- 
stood that  the  almost  uniform  tendency  of  all  deposits  east  of  the 
Mississippi  river  is  in  a  line  from  southwest  to  northeast,  it  is  very 
probable  that  this  deposit,  as  originally  laid  down,  was  no  exception 
to  the  general  rule.  If  we  suppose  that  the  ore  was  formed  in  hollows 
in  the  hanging-wall,  and,  after  its  formation,  covered  by  the  foot- 
wall  slates ;  and  that  this  bed  has  been  tilted  up  from  the  north 
side  and  overturned,  through  an  angle  of  100°  to  110°,  it  will  be 
readily  understood  that  the  original  trend  of  the  deposit  becomes 
approximately  the  complement  of  the  present  pitch  of  the  ore. 
This  supposition  explains  also  the  strike  of  X.  75°  W.,  and  the  fact 
that  what  is  now  the  hanging-wall  seems  to  have  been  the  original 
bed  of  deposit. 

It  is  improbable  that  the  tilting  has  been  from  the  south  side  up- 
wards through  an  angle  of  70°  to  80°,  for  if  this  had  been  the  case 
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the  ore  would  now  pitch  east  at  the  same  angle  as  that  of  the  present 
pitch  west. 

The  suggestion  made  by  Mr.  R.  D.  Irving  in  the  Amencan 
Journal  of  Science  for  1886,  tliat  the  ore  has  been  washed  into  these 
deposits  from  previously  precipitated  beds  of  carbonate,  seems  to  me 
very  plausible,  and  is  borne  out,  in  large  measure,  by  the  chemistry 
of  the  ore-body.  I  should,  however,  suggest  this  change :  that 
in  the  original  deposits,  iron  and  lime  were  present,  not  as  siderite 
and  calcite,  but  as  hydrous  oxide  of  iron,  and  intermixed  calcareous 
deposits.  This  finds  analogy  in  the  formation  of  beds  of  bog-iron 
ore  at  the  present  day.  Such  deposits  of  bog-ore,  altered  indeed 
by  subsequent  action,  do  exist  in  the  Huronian  strata  represented 
in  the  upper  peninsula  of  Michigan.  Any  one  familiar  with  the 
non-Bessemer  ores  of  the  western  end  of  the  Menominee  range 
must  have  been  struck  by  the  remarkable  dissimilarity  existing 
between  such  ores  and  those  east  of  the  Menominee  river.  The 
ore  taken  from  the  Nanaimo,  Paint  River,  Iron  River  and  other 
mines  has  all  the  non-laminated,  massive,  porous,  yellowish  ap- 
pearance of  altered  bog-ore.  With  this  also  the  high  phosphorus, 
the  intermixed  calcareous  matter,  the  frequent  occurrence  of  graphite, 
and  the  low  percentage  of  iron  seem  to  agree.  The  abundance  of 
graphitic  slates,  in  the  same  geological  horizon,  and  in  some  places 
in  actual  contact  with  the  ore,  suggests  that  the  fucoids  of  the  Hu- 
ronian period  have  taken  the  same  part  in  the  deposition  of  these 
western  beds  that  the  vegetation  of  the  Carboniferous  Era,  aiui 
the  swamps  and  mosses  of  recent  times,  have  played  in  the  for- 
mation of  black-band  and  bog-iron  ores.  From  such  beds  as 
these,  I  incline  to  ihink,  the  iron  of  our  soft  hematite-ores  has 
originally  been  carried.  It  is  interesting  to  notice  how  this  sup- 
position is  strengthened  by  chemical  proofs.  I  have  often  noticed 
that  very  dilute  hot  acids  will  dissolve  from  an  ore  almost  all  of  the 
phosphorus,  with  only  a  slight  percentage  of  iron.  Indeed,  it  is 
possible  in  this  way  to  remove  and  estimate  all  of  the  phosphorus 
with  very  small  amounts  of  dissolved  iron.  Xor  is  acid  always 
necessary  to  this  end  ;  for  in  a  large  number  of  instances,  verified  also 
by  direct  experiment,  I  have  noticed  that  ore,  exposed  for  a  period 
of  several  years  to  the  weather,  will  have  appreciable  amounts  of 
phosphorus  dissolved  and  removed.  Now,  if  water  acidulated  by 
carbon  dioxide  acts  on  a  bed  of  bog-iron  ore,  it  will  carry  therefrom 
a  large  amount  of  phosphorus  in  proportion  to  the  iron  removed. 
If  such  thermal  water  flow  into  a  shallow  valley  or  lake,  the  acid 
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Fig.  23. 
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will   be  lost  by  evaporation  and  consequent  precipitation  of  phos- 
phorus and  iron  will  take  place. 

The  theory  of  hematite-deposits  is  then  briefly  as  follows  :  From 
previously-deposited  beds  of  bog-iron  ore,  by  the  action  of  acid- 
ulated water,  iron,  silica,  lime  and  phosphorus  were  dissolved. 
The  first  solution  contained  a  large  amount  of  phosphorus  in  pro- 
portion to  the  amount  of  iron  dissolved.  On  coming  into  depressions 
in  the  exposed  slates,  this  acid  solution,  losing  acid  by  evaporation, 
deposited  iron  as  hydrated  oxide,  which  carried  down  an  amount  of 
phosphorus  proportional  to  the  amount  of  iron  precipitated.  As  the 
acid  became  still  weaker,  crystals  of  carbonate  of  lime  and  magnesia 
settled  out,  forming  a  stratum  of  carbonates.  A  second  inflow  of 
acid  water  would  tend  to  dissolve  part  of  the  carbonates,  and  to 
precipitate  a  layer  of  hydrated  oxide  of  iron,  similar  to  the  first,  but 
lower  in  phosphorus. 

In  similar  manner  by  successive  inundations  the  depression  became 
filled  with  alternating  deposits  of  iron  oxy-hydrate  and  calcium  and 
magnesium  carbonate,  each  layer  being,  as  a  rule,  lower  in  phos- 
phorus than  that  immediately  preceding  it.  The  carbonates 
being  more  soluble  were  more  liable  than  the  oxy-hydrate  to  re- 
moval by  acid.  Moreover,  as  both  phosphate  of  lime  and  phosphate 
of  iron  are  more  soluble  and  of  lower  specific  gravity  than  oxy-hy- 
drate, the  tendency  of  the  water  was  to  carry  these  phosphates  toward 
the  lower  end  of  the  ore-deposit,  and  to  form  deposits  higher  in  phos- 
phorus in  the  shoal-water  alongside  banks  of  previously  precipitated 
silica,  or  in  places  where  the  evaporation  progressed  more  rapidly  than 
elsewhere.  By  reference  to  Fig.  23,  it  will  be  seen  that  those  parts  of 
the  deposit  in  which  the  current  seems  to  have  been  strong  and  rapid 
are  lower  in  phosphorus  than  where  the  deposit  is  shallow  and  pinched 
out  by  jasper.  After  the  deposit  was  completed,  further  action  of  the 
water  would  stir  up  the  upper  layers  of  ore  and  mix  them  with 
suspended  sand  or  clay,  while  the  iron  and  phosphorus  were  carried 
further  along  to  be  deposited  in  other  depressions  to  the  northeast. 
The  jasper,  which  occurs  as  vein-matter,  and  in  laminae  cleaving 
parallel  with  the  ore,  seems  to  have  been  produced,  either  by 
precipitation  at  the  same  time  as  the  iron,  or  by  subsequent  action, 
eroding  the  beds  of  iron-ore  thus  formed  and  substituting  silica  for 
the  iron  oxide  removed.  A  study  of  the  vein-map  of  the  sixth  level  of 
the  Ludington  mine  shows  that  the  jasper  seems  bedded  in  the  ore; 
the  deposits  of  jasper  being  in  all  cases  widest  toward  the  foot-wall. 
(See  Fig.  22.) 
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The  deposits  of  ore  and  jasper  were,  I  conelude,  covered  by  the 
foot-wall  slates,  and,  after  subjection  to  heat  and  pressure  from  super- 
incumbent strata  were,  in  some  local  upheaval,  tipped  up  at  the 
north  and  brought  into  their  present  position. 

That  subsequent  action  of  percolating  surface-water  has  wrought 
changes  in  the  distribution  of  both  iron  and  phosphorus,  I  do  not 
doubt.  In  fact,  the  western  end  of  the  Ludington  mine,  protected 
by  overhanging  jasper,  has  shown  far  greater  regularity  of  structure 
than  the  eastern  end  of  the  same  deposit.  In  the  former,  the  original 
lines  have  been  preserved  unchanged;  in  the  latter,  where  the  thin 
cover  of  drift  allows  free  action  of  surface-water,  the  lines  are  much 
broken,  and  regularity  of  structure  is  hard  to  trace. 

This  theory  of  aqueous  deposit  will  explain,  as  will  no  other,  the 
marked  continuance  of  isochemic  lines  and  their  peculiar  curves,  the 
regular  decrease  of  phosphorus  from  hanging-wall  to  foot,  the  alterna- 
tion of  carbonates  with  oxide  of  iron,  the  ripple-marked  hanging- 
wall,  the  uniform  lamination  of  the  ore,  and  the  hydrated  muddy 
look  of  the  ore  next  to  the  foot- wall. 

The  conclusions  given  above  are  intended,  not  as  general  and 
applicable  in  all  cases,  but  simply  as  an  explanation  of  certain 
chemical  phenomena,  noticed  in  the  Ludington  mine.  Whether  the 
same  tendency  would  be  found  to  exist  in  other  mines,  I  am  not 
prepared  to  say ;  but  the  fact  that  apparent  irregularity  has  been 
observed  does  not  preclude  the  discovery  of  a  law — in  other  words, 
an  order — pervading  it.  I  incline  to  think  that  a  careful  and  sys- 
tematic method  of  chemical  research,  applied  to  the  soft-ore  deposits 
of  the  Upper  Peninsula  of  Michigan,  would  bring  to  light  many 
interesting  facts  with  regard  to  their  manner  of  deposit,  and  would 
lead  to  a  more  thorough  understanding  of  one  of  the  most  interesting 
and  practical  problems  of  economic  geology. 

In  conclusion,  I  would  acknowledge  my  indebtedness  to  Mr.  Per 
Larsson,  Engineer  of  the  Chapiu  mine,  to  Mr.  Chas.  H.  Snow,  Engi- 
neer of  the  Ludington  mine,  and  to  Mr.  E.  Everett,  of  Ishpeming, 
for  the  maps  from  which  the  plates  illustrating  this  article  have 
been  drawn. 
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NOTE  OX  THE  INFLUEXCE  OF  COLUMBITE  UPOX  THE 

TIX-ASSAY. 

BY  FRANKLIN  R.   CARPENTER  AND  W.  P.  HEADDEN,  RAPID  CITY,  DAKOTA. 

(New  York  Meeting,  February,  1889.) 

Two  notes  have  already  appeared  in  the  Transactions  concerning 
the  columbite  or  tantalite  of  the  Black  Hills  tin-mines.  In  vol.  xiii., 
page  232,  Prof.  Schaeffer  speaks  of  the  mineral  as  tantalite,  and  con- 
cludes by  saying  that  its  separation  from  the  tinstone  "is  a  matter 
which  will,  I  believe,  prove  puzzling  to  the  wisest  metallurgist." 
He  also  observes  that  he  is  unable  to  find  by  analysis  in  his  speci- 
mens the  least  trace  of  columbic  acid.  Prof.  W.  P.  Blake,  in  the 
same  volume,  at  page  696,  says  :  "  Even  if  it  [tantalite  or  columbite] 
were  present  to  a  considerable  amount,  it  would  not  injure  the  tin  in 
smelting.  It  does  not  alloy  with  tin,  but  carries  a  small  percentage 
of  tin,  which  would  probably  be  liberated  in  smelting."  He  calls 
the  mineral  columbite  from  the  fact  that  a  great  number  of  specific- 
gravity  tests  invariably  indicated  that  it  should  be  so  classed. 

We  have  made  chemical  tests  as  well  as  specific-gravity  tests  upon 
many  samples  from  many  different  parts  of  the  Hills.  Our  analyses 
have  always  shown  the  presence  of  columbic  acid,  and  the  specific- 
gravity  tests  have  always  indicated  columbite,  as  we  have  elsewhere 
shown.* 

As  Prof.  Blake  has  already  observed,  it  is  not  found  in  such  close 
association  with  the  tin  as  to  prevent  separation  by  a  rough  hand- 
sorting,  but  it  is  usually  present  with  the  stream-tin.  As  Prof. 
Schaeffer  says,  it  cannot  be  separated  by  ordinary  concentration;  and 
while,  as  declared  by  Prof.  Blake,  its  columbic  acid  may  not  unite 
with  the  tin  in  any  form,  yet  its  iron  and  manganese  oxides  may  be 
reduced,  and  thus  lower  the  quality  of  the  tin  produced,  as  is  also 
the  case  when  the  smelting  charge  contains  wolfram. 

To  determine  the  effect  of  columbite  in  the  ordinary  potassium 
cyanide  assay,  there  Avere  assayed  at  the  Dakota  School  of  Mines 
four  samples  containing  different  proportions  of  columbite.  The  re- 
sults, published  in  the  report  of  the  school  for  1888,  seemed  to  indi- 

*  Preliminary  Report  of  the  Dakota  School  of  Mines  upon  the  Geology,  Mineral  Re- 
sources,  and  Mills  of  the  Black  Hills  of  Dakota,  1888.  See  also  Dr.  Carpenter's 
paper  on  the  "  Ore- Deposits  of  the  Black  Hills,"  at  p.  570  of  the  present  volume. 
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cate  that  tlie  presence  of  colunibite  would  not  aifoct  the  accuracy  of. 
the  assay.  Tlie  subject  has,  however,  been  re-investigated  by  the 
present  writers,  who  have  arrived  at  a  contrary  conclusion. 

The  colunibite  used  in  our  experiments  showed  upon  analysis  the 
following  composition : 

Ta.Oj, 18.20 

NbjOa, 64.09 

FeO 11.21 

MnO, 7.07 

SnO., 0.10 

CaO, 0.21 

100.88 
Specific  gravity, 5.89 

The  cassiterite  used  in  the  experiments  was  Dakota  stream-tin, 
free  from  colunibite  and  containing  73  per  cent,  of  metallic  tin. 

The  assays  were  made  in  a  naked  clay  pot,  the  charge  for  each 
being  5  grammes  of  cassiterite  and  25  grammes  of  potassium  cyanide. 
To  these  columbite  was  added,  as  shown  below.  Tlie  percentage  of 
tin  obtained  in  each  case  is  calculated  from  the  weight  of  the  button, 
which,  of  course,  includes  all  impurities. 


Series  I. 

100 

100 

100 

100 

none 

10 

25 

50 

70.76 

71.52 

73.2 

75 

Condition  of  fire,  quite  hot;  time,  ten  minutes.  Character  of  but- 
tons: No.  1,  bright,  smooth,  and  not  very  convex;  No.  2,  convex, 
dark,  but  not  uniform  in  color,  top  rough  and  luster  feeble ;  No.  3, 
very  convex,  somewhat  pointed  in  the  center,  dull,  no  luster,  but 
somewhat  bright  upon  the  bottom  ;  No.  4,  convex,  pointed  in  the 
center,  no  luster  even  on  the  bottom,  and  color  very  dark  gray. 

Series  II. 


100 

100 

100 

100 

none 

10 

25 

50 

Tin  obtained  per  cent 

70.52 

71.4 

72.3 

75.57 
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The  fire  in  this  case  was  but  moderately  bright.  The  buttons 
were  the  same  in  appearance  as  those  obtained  in  the  preceding 
series. 

Series  III. 


Ore,  parts 

100 

100 

100 

100 

100 

Columbite,  parts 

00 

10 

50 

25 

50 

Time  in  the  furnace 

10  niin. 

10  min. 

14  min. 

10  min. 

8  min. 

69.98 

70.4 

73.68 

71.91 

73.22 

The  fire  was  very  hot.  The  buttons  varied  as  in  the  preceding 
series. 

Slags. — The  slags  had  the  same  appearance  in  all  cases.  .  The  ad- 
dition of  columbite  appeared  to  produce  but  little  change.  The 
color  of  the  slags  usually  inclined  to  yellow.  The  addition  of  10 
per  cent,  columbite  produced  in  each  case  a  more  granular  texture. 
The  addition  of  25  per  cent,  produced  the  strongest  discoloration. 

Conclusions. — Want  of  time  prevented  the  making  of  complete 
analyses  of  the  buttons  and  slags  obtained  in  these  experiments.  It 
is  evident,  however,  from  the  results  obtained  that  the  presence  of 
columbite  is  injurious,  and  that  the  buttons  owe  their  increase  in 
weight  to  impurities  derived  from  it.  A  farther  examination  showed 
that  the  low  grade  of  tin  obtained  in  the  presence  of  columbite  was 
due  not  altogether  to  the  ordinary  contamination  by  iron,  but,  in  part, 
at  least,  to  a  definite  crystalline  alloy  which  we  have  separated  from 
the  buttons  for  farther  examination.  The  amount  of  this  alloy  in 
the  buttons  so  far  examined  varies  from  2.5  per  cent,  to  10,4  per 
cent,  of  their  weight.  It  has  not  been  established  that  the  alloy 
found  in  the  different  buttons  is  the  same  in  composition  ;  certain 
observations  as  to  the  form  of  the  crystals  suggest  the  contrary. 

It  was  also  observed  that  the  degree  of  heat  at  which  the  a.ssay 
was  made,  the  quantity  of  columbite  present,  and  the  purity  of  the 
cyanide  used  had  much  to  do  with  the  character  of  the  button  ob- 
tained. With  impure  cyanide  the  slags  were  decidedly  different 
from  those  obtained  with  c.  p.  cyanide,  and,  moreover,  less  of  the 
alloy  was  obtained. 

It  is  perhaps  worthy  of  remark   that  with  ordinary  commercial 
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cyanide  but  51  per  cent,  of  tin  was  obtained  from  ore  containing  by- 
analysis  73  per  cent.,  while  the  same  ore,  assayed  with  c.  p.  cyanide 
(not,  however,  with  the  stricUy  c.  ]).),  yielded  71  per  cent.  These 
pc.iints  will  form  the  basis  of  future  work  at  the  School  of  Mines. 


HflOTE  ON  THE mCKEL-OBE  OF  RUSSELL  SPRINGS,  LOGAN 
COUNTY,  KANSAS. 

BY  FRED.  P.  DEWEY,  WASHINGTON,  D.  C. 

Early  last  March  Mr.  Jerome  Coldren,  an  old  miner  and  pros- 
pector, undertook  a  prospecting  tour  through  the  western  part  of 
Kansas,  and  discovered  a  very  peculiar  bed  of  rock,  which  yielded 
a  white  metal  on  fusion  with  soda.  Mr.  W.  D.  Church,  city  chemist 
at  Topeka,  examined  the  metal  and  found  it  to  contain  nickel.  This 
discovery  created  much  excitement,  and  was  at  first  doubted.  Many 
samples  of  the  material,  from  a  range  of  twenty  miles,  were  sent  to 
the  Smithsonian  Institution  for  examination  ;  and  in  every  instance 
a  qualitative  test  showed  the  presence  of  nickel,  although  the  amount 
aj)peared  to  vary  greatly. 

The  ore  is  quite  different  from  any  other  nickel-ore.  It  consists  of  a 
quartzose  conglomerate  from  bean-size  down,  with  much  decomposed 
material  between  the  pebbles,  and  the  whole  cemented  by  a  more  or 
less  manganiferous  limonite.  In  the  qualitative  tests,  the  nickel 
appeared  to  vary  with  the  manganese.  In  all  the  tests,  simple  treat- 
ment with  HCl  dissolved  a  great  deal  of  AI2O3. 

The  princi])al  deposit  is  near  the  top  of  a  small  hill  on  the  divide 
between  Smoky  Hill  river  and  liutte  creek.  The  surface-rock  is  the 
conglomerate,  and,  at  varying  distances,  stains  of  the  limonite  appear 
and  gradually  increase  ;  so  that  the  ore  is  siniply  the  lower  ])ortion 
of  a  bed  of  conglomerate  which  has  been  heavily  charged  with  the 
manganiferous  limnnite.  ]?elow  the  conglomerate  is  a  layer  of 
selenite ;  below  this,  a  soft  sandstone,  containing  well-preserved 
fossils,  and  below  the  sandstone,  a  shale. 

From  2  to  6  per  cent,  of  nickel  in  selected  samples  has  been  re- 
ported by  different  chemists;  but  the  following  two  analyses  on 
large  samples  show  the  average  composition  of  the  material  : 
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I.  II. 

Per  cent.      Per  cent. 
Insoluble  siliceous  matter,         .        ^         .        ■,         .     66.36         63.04 

Copper, 0.025         0.033 

Nickel, 0.258         0.260 

Cobalt, 0.072 

I.  Sample  sent  by  Hon.  J.  J.  Ingalls. 
II.  Sample  sent  by  B.  F.  Camion. 

A  company  has  been  formed  to  work  the  are  ;  but,  unles.s  richer 
material  than  the  above  is  found,  the  deposit  is  not  likely  to  prove 
valuable. 

A  conglomerate  quite  similar  to  this  is  very  abundant  in  and 
about  the  District  of  Columbia.  I  have  examined  several  samples 
stained  with  manganese,  and  have  always  found  nickel  present. 


2HE  ENGLISH  VEBSUS    THE   CONTINENTAL  SYSTEM  OF 
JIGGING— IS  CLOSE  SIZING  ADVANTAGEOUS? 

BY  H.  S.  MUNKOE,  SCHOOL,  OF  MINES,  NEW  YORK  CITY. 

To  those  familiar  with  ore-dressing  practice,  it  is  hardly  necessary 
to  dwell  upon  the  importance  of  the  jig.  Within  its  proper  sphere  no 
substitute  has  been  found  that  does  the  work  as  well  or  as  cheaply. 
Its  capacity  is  large,  it  requires  but  little  attention,  and  the  losses 
are  small.  In  one  form  or  another,  it  is  the  principal  machine  used 
in  the  concentration  of  low-grade  ores,  and  for  the  separation  of  one 
metallic  mineral  from  another;  and  it  is  almost  the  only  machii>e 
u.sed  for  the  purification  of  coal. 

The  present  paper  is  a  study  of  the  action  of  the  jig  in  the  light 
of  results  obtained  in  the  Lake  Superior  copper  mills,  and  at  the  St. 
Joseph  Lead  Co.'s  dressing-works,  in  Missouri ;  and  a  description  of 
experiments  undertaken  with  the  view  of  reproducing  and  isolating 
the  conditions  of  jigging,  in  order  to  develop  the  laws  which  under- 
lie the  process. 

There  are  two  recognized  systems  of  jigging,  the  English  and  the 
Continental  or  German. 

The  English  system  is  a  development  of  the  hand-jigging  for- 
merly employed  in  Cornwall  and  other  metalliferous  districts  of 
England,  and  introduced  by  English  miners  to  this  country.  In  this 
method  the  crushed  ore^  coarse  and  fine  together,  is  first  jigged  on  a 
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hand-sieve  with  coarse  mesh ;  and  the  fine  stuff,  somewhat  concen- 
trated by  passing'through  the  bed  of  coarse  mineral  grains  on  the 
sieve,  is  again  jigged  on  a  sieve  of  finer  mesh.  In  tiie  adaptation  of 
the  system  to  machine-jigging,  many  modifications  of  detail  have 
been  necessary.  Tiie  general  treatment,  however,  is  the  same,  and 
includes  a  preliminany  jigging  on  roughing-jigs,  followed  by  a  con- 
centration of  the  hutchwork  on  finishing-jigs  of  finer  mesh.  In 
both  roughing-  and  finishing-jigs,  a  bed  of  mineral  is  maintained  on 
the  sieve ;  and  the  concentration  is  mainly  effected  by  jigging  through 
this  bed. 

The  Continental  or  German  system  starts  with  a  size-classification 
by  screens,  after  which  the  different  sizes  are  treated  on  separate 

There  are  also  combinations  of  the  two  systems.  The  use  of  a 
bed  of  mineral  grains,  and  concentration  by  jigging  through  the 
sieve,  has  been  adopted  in  Continental  practice  for  fine  jigging.  At 
the  Lake  Superior  dressing-works,  a  somewhat  imperfect  size-classi- 
fication by  water  has  been  introduced  as  a  preliminary  to  jigging. 
In  the  Continental  dressing-works,  again,  the  tendency  of  late  years 
has  been  to  reduce  .the  number  of  sizes  jigged,  and  to  abandon  the 
very  close  sizing  which  formerly  characterized  the  method. 

The  arguments  for  close  sizing  are  drawn  from  the  well-known 
laws  governing  the  fall  of  bodies  in  water,  which  may  be  stated  as 
follows: 

A  body  falling  in  still  water  moves  at  first  with  accelerated 
velocity,  as  in  a  vacuum.  The  resistance  of  the  water,  however, 
increases  with  the  square  of  the  velocity  and  finally  equalizes  and 
neutralizps  the  accelerating  force.  Thereafter  the  grains  move  with 
uniform  falling  velocity. 

The  laws  governing  the  fall  of  regular  spheres  in  still  water  may 
be  deduced  as  follows: 

Let  d  =  diameter  of  sphere  in  meters. 

Let  d  =  specific  gravity  of  sphere. 

Let  V=  falling  velocity  of  sphere  in  meters  per  second. 

Let  p  =  acceleration  of  sphere. 

Let  </  =  acceleration  due  to  gravity,  9.81  meters  per  second. 

Let  y  =  weight  of  one  cubic  meter  of  water. 

Let  7r  =  3.1416. 

Then,  according  to  Weisbach's  Mechanics  (Am.  Ed.,  p.  596), 

motive  force 

p=  . 

mass 


ENGLISH    VERSUS   CONTINENTAL   SYSTEM    OF    JIGGING.        639 

Or,  in  this  case, 

weiffht  —  resistance  ,^ , 

p=  ^ , (1). 

'■  mass  ^  ' 

As  the  sphere  is  submerged  in  water,  its 

Weight  =  ^7:cZ3(<5-l)^ (2). 

According  to  Rankine's  Applied  llechanics  (p.  598), 

1  /7rd^\  /_n 

2V4  A2^ 


Resistance  =i(^j(^^)^      ....     (3). 


And,  finally, 


-im (^)- 


Mass 


From  1,  2,  3  and  4,  canceling  and  reducing, 

p=\^>-jia (^>- 

Whence 

V=  1.6S\gd^S  —  l)—d  p. 

Making  p  ^  0,  the  condition  of  uniform  motion,  and  substituting 
for  g  its  value,  9.81  meters,  we  have 

V=  5.nyjd{^—l) (6), 

the  equation,  as  given  by  Rittinger  and  others,  for  the  velocity  of  a 
sphere  falling  in  still  water,  after  it  has  reached  the  period  of  uniform 
motion. 

From  the  discussion  of  this  formula,  it  appears  that  the  velocity 

of  a  body   falling  in   water  increases  with  \/^  and  with  v''^ j. 

It  also  appears  that  spheres  of  different  densities  will  fall  with 
equal  velocity,  when 

d{d  —  l)  =  d,{\-l) 

or,  as  in  the  oft-cited  example,  the  diameters  of  equal-falling  grains 
of  quartz  and  galena,  during  the  period  of  uniform  motion,  will  be 
as  4  to  1. 
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It  is  therefore  argued  that,  in  order  to  effect  a  separation  by  the 
water-currents  of  a  jig,  the  range  of  size  in  the  grains  treated  must 
not  exceed  the  size-ratio  of  equal-falling  grains.  Larger  grains  of 
quartz,  it  is  argued,  will  fall  with  the  galena  ;  and  smaller  grains 
of  galena  will  be  carried  off  with  the  quartz. 

It  has  long  been  recognized  that  the  conditions  Aviiicli  obtain  in 
jigging,  are  not  the  same  as  in  the  case  of  bodies  falling  freely  in 
water.  We  have  to  deal  not  with  single  isolated  grains,  but  witii 
numbers  of  these  grains  moving  together.  The  smaller  grains  move 
in  the  interspaces  between  the  large  grains,  and,  consequently,  in 
constricted  channels.  The  large  grains,  also,  so  far  as  their  move- 
ments are  independent  of  the  surrounding  grains,  as  in  the  separa- 
tion of  gangue  from  ore,  and  of  one  mineral  from  another,  move  in 
the  interstitial  channels  between  the  other  grains.  That  these  chan- 
nels must  have  great  influence  on  the  movement  of  the  grains  has 
long  been  recognized,  and  indeed  was  pointed  out  by  Pernolet,  one 
of  the  earliest  investigators  of  the  subject. 

Nevertheless,  Pernolet  and  those  who  have  followed  him,  Sparre, 
Rittinger  and  others,  have  been  content  to  assume  the  formula  for 
free-falling  grains  as  of  universal  a]iplication,  and  have  drawn  there- 
from the  arguments  and  data  for  the  close  and  accurate  sizing  char- 
acterizing the  Continental  system  of  ore-dressing. 

It  is,  however,  possible  to  effect  a  very  satisfactory  separation  on 
jigs,  with  material  sized  between  wide  limits  only,  and  in  a  very 
imperfect  manner,  as  in  the  mills  of  the  Lake  Superior  coj)per  re- 
gion, or  even  entirely  without  sizing,  as  in  the  St.  Joseph  Lead 
Company's  dressing-works,  at  Bonne  Terre,  Missouri. 

The  following  experiments  were  undertaken   with  the  object   of 

determining  the  laws  governing  the  movement  of  bodies  in  confined 

channels. 

In  Formula  1, 

weight — resistance 

P= ^ , 

^  mass 

it  is  evident  that  the  resistance  only  will  be  effected  by  the  walls  of 
the  channel. 

To  determine  the  amount  of  this  resistance  under  diflferent  condi- 
tions, a  series  of  experiments  was  made  with  lead  shot  of  different 
diameters,  from  2  mm.  to  IG  mm.,  in  a  tube  20  mm.  in  diameter. 
The  shot  were  suspended  in  the  tube  and  subjected  to  rising  currents 
of  water  at  different  velocities.  The  buoyant  effect  of  the  current 
in  each  case  was  measured  by  means  of  a  sensitive  spring-balance, 
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and  its  velocity,  by  noting  the  number  of  seconds  required  to  fill  a 
vessel  of  known  capacity. 

It  is  evident  that  the  result  will  be  approximately  the  same  whether 
the  water  or  the  shot  be  moved  ;*  the  buoyant  effect  in  the  one  case, 
and  the  resistance  in  the  other,  being  a  function  of  the  velocity  of 
the  current  and  of  the  diameters  of  the  sphere  and  of  the  tube. 

The  use  of  a  spiral  spring-balance  of  wire  was  suggested  by  Prof. 
O.  N.  Rood.  After  experimenting  with  different  sizes,  kinds  and 
lengths  of  wire,  a  very  satisfactory  balance  was  made  from  a  piece 
of  tempered  steel  guitar-wire,  0.01  inch  in  diameter  and  about  6 
feet  long,  wound  on  a  lead  pencil.  On  releasing  the  spring,  after 
winding,  the  coils  expanded  to  a  diameter  of  about  0.6  inch.  This 
balance  stretches  about  0.8  inch  with  a  weight  of  one  gramme,  and 
a  variation  of  a  few  milligrammes  in  weight  is  readily  detected. 
By  increasing  the  length  of  wire,  the  balance  becomes  more  sensitive, 
but  its  capacity  is  reduced  by  an  amount  equal  to  the  weight  of  the 
additional  length  of  wire,  and  the  effect  of  slight  changes  in  the 
temperature  of  the  room  is  more  noticeable.  For  the  experiments 
with  the  large  shot,  a  balance  of  heavier  wire  was  used.  Since  the 
spiral  spring  twists  and  untwists  somewhat  as  it  rises  and  falls,  the 
best  form  of  index  is  a  horizontal  circular  hoop  of  wire.  A  gradu- 
ated scale  may  be  used,  but  for  these  experiments  it  was  found  more 
convenient  to  measure  the  buoyant  effects  by  adding  weights  suffi- 
cient to  bring  the  index  back  to  its  normal  position. 

A  constant  water-supply  at  uniform  pressure  was  obtained  from 
a  large  tank  on  the  floor  above,  and  the  velocity  was  regulated  by  a 
stop-cock  as  required. 

Some  difficulty  was  experienced  in  obtaining  accurate  results, 
especially  for  the  smaller  shot.  In  the  first  place,  the  velocity  of 
the  current  is  greatest  in  the  center  of  the  tube,  and  least  at  the 
walls,  where  it  is  retarded  by  friction.  As  a  consequence,  the  small 
shot  were  swung  to  the  side  of  the  tube  and  showed  a  smaller 
buoyant  effect  than  that  due  to  the  average  current.  It  was  attempted 
to  remedy  this  by  the  use  of  a  skeleton  cage  of  fine  wire,  to  which  a 
number  of  shot  could  be  fastened  in  any  desired  position.  The 
buoyant  effect  of  the  cage,  alone  and  with  the  shot,  was  then  deter- 

*  The  conditions  are  not  quite  the  same.  In  the  case  of  the  suspended  shot,  the 
water  impinges  on  the  walls  of  the  tube  and  on  the  shot  with  equal  velocity.  In 
the  case  of  the  falling  shot,  the  water  is  at  rest,  so  far  as  the  walls  of  the  tube  are 
concerned,  except  at  the  instant  of  the  passage  of  the  shot.  The  friction  on  the  walls 
of  the  tube  will  therefore  be  greater  in  the  first  case. 
VOL.  XVII.— 41 
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mlneil.  This  combination,  however,  orave  results  which  proved  to 
be  too  high.  The  shot,  when  attached  to  the  cage,  obstructed  a 
part  of  the  tnl)e  and,  by  increasing  the  velocity  of  the  current  else- 
where, increased  the  lifting-effect  on  the  cage  to  an  unknown  extent. 
A  string  of  small  shot  on  a  single  hair  gave  better  results  ;  but  the 
shot  at  the  lower  end  of  the  string  were  swung  against  the  side  of 
the  tube,  and  at  high  velocities  the  whole  string  was  forced  into  this 
position.  Weighting  the  string  of  small  shot  with  a  single  heavy 
shot  did  not  answer,  because  the  variations  in  the  buoyant  effect  on 
the  large  shot  masked  the  effect  on  the  small  shot  and  vitiated  the 
results.  The  most  satisfactory  data  for  small  shot  were  obtained 
by  using  a  cage  for  a  sinker,  so  constructed  as  to  oppose  but  little 
resistance  to  the  water-current,  and  attaching  the  shot  at  long  in- 
tervals to  two  hairs  fastened  to  the  cage-sinker  at  one  end  and  the 
balance  at  the  other.  The  buoyant  effect  of  the  cage  and  hairs  was 
determined  separately.  Each  of  these  attempts  involved  a  series  of 
comparative  exjieriments  to  determine  the  accuracy  of  the  method. 
The  investigation,  at  first  sight  a  simple  matter,  proved  complex 
and  laborious.  In  the  course  of  the  work,  nearly  six  hundred 
experiments  were  made,  each  involving  determination  of  velocity  of 
current,  buoyant  effect  and  other  necessary  data. 

The  results  were  tabulated  and  carefully  examined.  It  was  found 
that  the  lifting-effect  on  the  sphere  is  not  proportional  to  the  square 
of  the  velocity  of  the  rising  current  in  the  tube,  as  is  generally 
assumed,  but  that  it  is  nearly  proportional  to  the  square*  of  the 
velocity  in  the  annular  space  between  the  shot  and  the  walls  of  the 
tube.  For  V^  in  the  equation  for  the  resistance  to  a  free-falling 
sphere  in  water  (Equation  3)  we  must  therefore  substitute 


V 


[n'-d') 


in  which  D  is  the  diameter  of  the  tube  and  d  that  of  the  sphere. 

In  the  case  of  free-falling  spheres,  the  resistance  has  been  found 
by  various  experimenters  to  be  proportioned  to  about  one-half  the 
sectional  area  of  the  sphere. 

In  tubes,  this  apparently  holds  good  in  the  case  of  small  spheres 
falling  in  large  tubes,  but  as  the  diameter  of  the  shot  approaches 
the  full  diameter  of  the  tube,  the  resistance  is  proportional  more 
nearly  to  the  full  sectional  area  than  to  one-half  the  area.  The 
empirical  expression 

*  More  accurately,  perhaps,  to  V^  or  V*- 
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d 


(i  +  Q») 


agrees  very  closely  with  the  coefficients  found  by  experiment,  as  is 
shown  in  the  following  table.  The  diameter  of  the  tube  was  19.5 
mm.  in  each  case: 

Diam,  ofshotin  mm.,  2.06      3.18       4.77       7.0        8.8       10.9       13.24     16.27 

Diam.  oftubein  mm.,       19.50     19.50     19.50     19.5       19.5       19.5       19.50     19.50 


Ratio,  g.                                .11 

.16         .24        .36         .45 

.56 

.68 

.83 

Coefficient  by  experiment,     .53 

.54        .57        .59        .66 

.71 

.78 

1.00 

Coefficient  from  formula,        .52 

.53        .56        .60        .65 

.71 

.78 

.88 

For  the  expression 

i)\^-^& 

we  may  substitute  the  simpler  empirical  expression 

without  introducing  serious  error.     Substituting   in    Equation  3, 
we  have 

^=rT)(£)(i)^Ki+(s/>  •  •  •  a)- 

Or,  approximately, 


^=l(f)(|')(^p> 


(8), 


and  determining  the  value  of  V  for  the  period  of  no  acceleration, 
as  before,  we  have 

F=5.1l(l-(^)')Vd(^-l)     ....     (9), 

which  is  the  equation  for  spheres  moving  in  a  tube  of  diameter  D. 
For  different  values  of  the  ratio  —  the  values  of  Fare  as  follows  : 

^  =  0.1  V  =  4.95\!d{S—l) 

~  =  0:2o  V  =  4A7\!d{S—l) 
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D 

d 

d 
D 


=  0.5 


=  0.75 


=  0.9- 


F  =  3.32Vc^(5— 1) 


F=1.79\'cZ(5— 1) 


F  =  0.76\^^-l) 


If  fZ  =  0,  or  if  rf  =z  Z>,  then  V=  0. 

It  will  be  seen  that  when  the  falling  sphere  has  less  than  one- 
tenth  the  diameter  of  the  tube,  its  velocity  is  but  little  affected.  On 
the  other  hand,  as  the  sphere  approximates  the  diameter  of  the  tube, 
its  falling-velocity  is  much  reduced,  as  compared  with  that  of  a  free- 
falling  body.  As  it  is  the  latter  condition,  rather  than  the  former, 
which  obtains  in  the  movements  of  a  mass  of  grains  on  a  jig-sieve, 
the  importance  of  taking  this  retarding  influence  into  consideration 
is  at  once  evident. 

The  following  tables  give  the  experiments  with  two  sizes  of  shot 
as  an  example  of  the  work  done.  The  lifting-effect  computed  from 
the  formula  is  given  in  each  case  for  comparison  with  that  found 
by  experiment  : 


] 

3iam.  of  shot,  .0109  m. 

Diam.  of  shot,  .01324  m. 

Diaiu.  o 

" channe 

'I,  .0195 

in. 

Diam.  of  channe 

.  .0195  m. 

\Vt.  of  shot  in  water,  7.020  grrus. 

\\ 

t.  of  shot  in  water,  12.580  grms. 

^ 

^ 

*i 

o 

u      . 

^ 

o 

c  . 

B 

»5 

o  ^ 

it 

©a 

ii 

il 

g 

5w 

bo  3 

B  p 

3 

SP  ft 

.5  g 
§5 

S 

h 

11 

sea 

3 

s.i 

II 

22 

0.374 

.976 

1.003 

—.027 

U.69 
U.69 

34 

0.158 

.493 

.474 

+.019 

0.81 

75 

0.374 

.976 

1.003 

—.027 

35 

0.239 

.989 

1.059 

—.070 

O.Tc 

76 

0.456 

1.466 

1.482 

—.016 

36 

0.290 

1.487 

1.583 

—.096 

0.78 

77 

0.525 

1.959 

1.890 

+.069 

84 

0.280 

1.488 

1.474 

+.014 

0.79 

78 

0.590 

2.450 

2.491 

—.041 

0.70 

37 

0.316 

1.9^3 

1.878 

+.105 

0.81 

26 

0.614 

2.945 

2.687 

+.258 

0.78 

38 

0.357 

2.478 

2.419 

i-.059 

o.st. 

27 

0.666 

3.440 

3.186 

+.254 

0.77 

39 

0.392 

2.974 

2.920 

+.054 

0.79 

28 

0.725 

3.920 

3.752 

+.168 

0.74 

40 

0.423 

3.470 

3.361 

+.109 

0.81 

79 

0.732 

3.918 

3.839 

+.079 

0.72 

41 

0.459 

3.966 

3.968 

—.002 

0.7{r 

29 

0.769 

4.408 

4.218 

+.190 

0.74 

42 

0.500 

4.461 

4.678 

—.217 

0.74 

30 

0.840 

4.880 

5.030 

—.150 

0.69 

43 

0.515 

4.959 

4.985 

—.026 

0.78 

31 

0.885 

5.3ti0 

5.605 

—.245 

0.69 

44 

0.561     5.954 

6.950 

+.004 

0.7ir 

80 

0.863 

5.370 

5.307 

+.063 

0.72 

45 

0.610     6.945 

7.020 

—.075 

0.77 

32 

0.912 

5.850 

6.016 

—.166 

0.69 

46 

0.656     7.939 

8.146 

—.207 

0.7(j 

81 

0.912 

5.850 

6.016 

—.166 

0.69 

47 

0.689     8.929 

8.958 

—.029 

0.7b 

33 

1.013 

6.815 

7  321 

—.506 

0.66 

48 

0.768  10.908 

11.125 

—.217 

0.7(- 

82 

0.967 

6.830 

6.670 

+.160 

0.73 

49 

0.797  11.900 

11.975 

—.075 

0.78 

Ave 

rage  co€ 

fficient,  0.71 

Average,  0.78 

Prob 

able  err 

ar  of  me 

'an,  ±  0.004 

Probable  ert 

or  of  mean  ±l  0.004 
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Sphere  of  Maxwmm  Velooity, 

Between  the  limits  <i  =0  and  d  =-  D  there  must  be  a  maximum 
value  for  V.  From  Equation  9  wc  find  that  this  maximum  value 
corresponds  to  the  condition 

^=0.3968 (10), 

or,  The  sphere  having  the  maximum  falling-velocity  in  any  tube  is  the 
one  lohose  diameter  is  four-tenths  ^hat  of  the  tube.  Spheres  larger  or 
smaller  than  this  fall  more  slowly. 

Movement  of  Spheres  en  Masse. 

A  series  of  experiments  was  made  to  determine  the  lifting-effect 
of  water-currents  on  spheres  en  masse.  The  experiments  were  made 
with  shot  of  different  diameters ;  with  mixed  shot;  with  rounded 
grains  of  galena  ;  and  with  angnlar  grains  of  the  same  mineral. 

The  apparatus  used  was  a  short  piece  of  glass  tubing,  20  mm. 
inside  diameter,  with  a  bottom  of  wire  cloth  to  support  the  shot. 
This  tube  was  attached  to  the  apparatus  previously  described,  so 
that  the  velocity  of  the  rising  currents  of  water  might  be  controlled 
and  measured.  The  velocity  of  the  water-current  was  determined 
in  each  case  at  several  different  periods,  as  follows: 

1.  When  the  shot  in  the  tube,  through  the  lifting-effect  of  the 
water,  began  to  show  evidence  of  free  movement,  having  a  tendency 
to  move  or  rearrange  them-selves  when  the  tube  was  jarred. 

2.  When  the  shot  w^ere  seen  to  exhibit  a  slight  tendency  to  rise, 
being  at  the  same  time  quite  free  to  rearrange  themselves  when  the 
tube  was  jarred. 

3.  When  the  lifting-effect  was  unmistakable. 

When  the  sliot  are  at  rest  they  occupy  70  per  cent,  of  the  space 
in  which  they  are  contained.  If  we  assume  that  the  average  diam- 
eter of  the  interstitial  channel  in  which  each  shot  moves  is  propor- 
tional to  the  cube  root  of  the  relative  volumes  of  sphere  and  total 
space  occupied,  we  shall  have 


D 


= -^/OJO  =  0.888 (11). 

From    the   observed    velocities    under   the    different   conditions, 
the  corresponding  ratio  o^  d  to  D  was  computed.     We  have  seen 
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that  the  resistance  or  lifting-effect  in  tubes  may  be  expressed  by 
Equation  8: 


E 


=  k?)(f)(4)f 


From  this  we  obtain  by  transposition 


d 
D 


=  {'-''' i^k-^'-    ■  ■  ■  ■  (12)- 


In  the  experiments  on  sliot  en  masse,  R  is  the  weight  of  a  single 
shot  in  water,  d  is  the  average  diameter  of  the  shot,  and  D  the 
diameter  of  the  tube  or  channel  (formed  by  the  surrounding  shot) 
in  which  the  shot  is  supported  by  the  observed  velocity,  V. 

The  following  table  gives  the  values  computed  for  jy  from  the 
observed  velocities: 


Diam.  of  shot  in   mil- 
limeters  

2.52 

3.18 

3.73 

4.02 

4.77 

Average. 

Shot  move  when  tube 
jarred 

Velocity. 
d 

.119 
.902 

.126 
.907 

.139 
.903 

.146 
.903 

.164 
.904 

.904 

Slight     lifting     effect 
observed 

Velocity. 
d     ' 
D 

.135 

.888 

.131 
.903 

.163 

.886 

.154 

.898 

.196 

.884 

.890 

Noticeable  lifting  ef- 
fect  

Velocity. 
d 
'D 

.148 

.877 

.157 
.883 

.179 
.874 

.171 
.887 

.204 
.879 

.880 

Average 

.889 

.898 

.888 

.896 

.889 

.892 

The  average  results  both  for  the  five  experiments  showing  a  slight 
lifting-effect,  and  for  the  whole  fifteen  experiments,  correspond  closely 
with  the  theoretical  ratio  ^  in  Equation  11.  Practically,  the  same 
result  was  obtained  for  the  large  shot  as  for  the  smaller  size.  The 
above  experiments  demonstrate  that  shot  moving  en  masse  follow 
the  same  law  as  shot  moving  in  tubes. 
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Substituting  the  theoretical  value  of  j.  in  Equation  9,  we  have 


F=  0.833  ^d{S—l) (13), 

Vihieh  is  the  equation  for  spheres  moving  en  masse.  On  comparing 
this  with  Equation  6,  we  find  that  spheres  moving  en  masse  will  fall 
with  but  one-sixth  the  velocity  of  free-falling  spheres,  or  will  re- 
quire to  support  or  lift  them  a  rising  current  of  but  one-sixth  the 
velocity  necessary  to  support  or  lift  a  single  isolated  sphere  of  the 
same  material. 

Effect  of  Increasing  Velocity  of  Current. 

Experiments  were  made  to  test  the  effect  of  stronger  currents  on 
a  mass  of  shot.  It  was  found  that  when  the  velocity  of  the  current 
is  increased  beyond  that  necessary  to  support  the  shot,  the  effect  is 
to  lift  and  at  the  same  time  force  the  spheres  apart,  and  thus  to  de- 
crease the  ratio  jj  until  a  state  of  equilibrium  is  reached.  A  slight 
separation  of  the  shot,  with  a  corresponding  decrease  in  the  ratio  -^' 

makes  necessary  an  increase  of  velocity  to  support  the  shot,  in  the 
larger  interstitial  channels  thus  formed.  This  explains  why  it  is 
found  possible  to  do  good  work  in  jigging,  in  spite  of  wide  varia- 
tions in  the  velocity  of  the  rising  currents  employed.  Two  jigs, 
working  on  the  same  material,  may  be  run  at  different  speed  and 
have  different  lengths  of  stroke  and  different  amounts  of  under- 
water, and  yet  apparently  do  equally  good  work.  The  velocity  of 
the  rising  current  within  certain  limits  simply  determines  how  far 
apart  the  grains  of  mineral  and  of  ore  will  be  forced,  and  thus  the 
height  to  which  the  surface  of  the  bed  of  ore-grains  will  be  raised. 
For  example,  by  increasing  the  velocity  five  times,  the  volume  of 
the  ore-bed  will  be  increased,  through  the  forcing  apart  of  the  ore- 
grains,  about  ten  times. 

Bounded  and  Angular  Ore-Grains. 

Experiments  were  made  with  angular  grains  of  galena  and  with 
rounded  grains  of  the  same  mineral,  from  the  results  of  which  the 
following  values  were  deduced: 

For  rounded  grains  of  uniform  size,  falling  en  masse. 


F  =  0.490  v/d  (5-1) (14). 
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For  angular  grains  of  unifoi'm  size,  falling  en  masse, 


V  =  0.5^Q  V  d  {8—1) (15). 

Large  Spheres  Surrounded  by  Small  Spheres. 

If  we  consider  the  case  of  a  mixed  mass  of  large  and  small 
spheres,  it  is  evident  that  the  spaces  between  the  large  spheres  will 
be  filled  in  part  by  the  small  spheres.  If  there  be  considerable 
difference  in  size,  the  small  spheres  will  occupy  70  per  cent,  of  this 
interstitial  space.  In  such  case  the  ratio  of  the  volume  of  the  large 
spheres  to  the  space  in  which  tiiey  are  contained,  and  in  which 
they  must  move,  will  be  as  70 :  79 ;  or  0.886.  On  this  basis  we 
shall  have  for  large  spheres  surrounded  by  small  ones,  when  the 
difference  in  size  is  considerable : 

d  

;p  =  x/0.886  =  0.96 (Ifi). 

Some  experiments  were  made  with  large  shot  surrounded  by  small 
ones.  The  large  shot  were  attached  to  the  spring-balance  and  buried 
in  the  small  shot,  so  that  the  spring  exercised  an  upward  tension  on 
the  shot  equal  to  a  fraction  of  its  weight  in  water.  The  stream  of 
water  was  then  turned  on  gradually,  until  the  large  shot  showed  a 
tendency  to  rise  under  the  combined  action  of  the  spring  and  the 
water-current.  The  velocity  of  the  rising  current  was  carefully  and 
gradually  increased,  until  the  index  of  the  spring-balance  showed 
that  the  weight  of  the  shot  was  just  supported  by  the  current  of 
water.     The  following:  results  were  obtained : 


Diara.  of  large  shot  in  mm., 

4.77 

7.00 

8.80 

10.50 

"       "   small    "      "      "          .         .         . 

2.52 

2.52 

2.52 

2.52 

Velocity  of  current  in  m.  per  second, 

.135 

.110 

.106 

.104 

Computed  ratio,  rT> 

.921 

.926 

.936 

.939 

It  will  be  seen  that  values  of  |  were  obtained  varying  from  .92 
to  .94,  the  value  increasing  with  the  difference  ill  diameters  of  the 
large  and  small  shot.  So  far  as  these  experiments  go,  they  tend  to 
confirm  the  theoretical  ratio  deduced  on  the  supposition  that  the  dif- 
ference in  diameter  is  la»'ge. 

Substituting  this  value  in  Equation  9,  we  have 

V  =  0.307  ^d{h—\) (17), 
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which  is  the  equation  for  large  spheres  moving  in  a  mass  of  smaller 
spheres,  when  the  difference  in  diameter  is  considerable. 

Mixed  Spheres  of  Different  Diameters. 

Some  experiments  were  made  to  test  the  effect  of  rising  currents 
on  mixed  shot.  Five  sizes  of  shot,  mixed  in  nearly  equal  propor- 
tions, and  ranging  in  diameter  from  2.52  mm.  to  4.77  mm.,  were  sub- 
jected to  currents  ranging  from  .091  to  .154  meters  per  second,  in  a 
20  mm.  tube.  The  shot  were  thoroughly  mixed  at  the  beginning  of 
each  experiment. 

A  velocity  of  .091  ra.  was  nearly  sufficient  to  support  the  smallest- 
sized  shot ;  these  shot  showing  signs  of  motion  at  the  top  when  the 
tube  was  jarred. 

At  a  velocity  of  .119  m.,  the  shot  were  so  far  supported  as  to  be 
free  to  rearrange  themselves  when  the  tube  was  jarred.  The  small 
shot  showed  an  upward  tendency,  especially  near  the  walls  of  the 
tube. 

With  a  velocity  of  .135  m.,  a  slight  lifting-effect  was  evident 
throughout  the  whole  mass.  The  small  shot  showed  a  more  de- 
cided tendency  to  rise  toward  the  top.  The  large  shot  at  the  bottom, 
after  separation  from  the  small  shot,  were  not  affected  by  the  water- 
current. 

A  velocity  of  .148  m.  exercised  a  marked  lifting-eff*ect  on  all  the 
shot,  so  long  as  they  remained  mixed.  The  small  shot  tended  at 
once  to  rise  toward  the  top,  and  the  large  shot  sank.  The  final 
separation  of  shot  of  nearly  the  same  diameter  was  slow.  The 
large  shot,  after  reaching  the  bottom,  were  not  affected  by  the  water- 
current. 

With  a  velocity  of  .154  ra.,  the  li ft ing-eiFect  throughout  the  whole 
mass  was  more  energetic,  and  the  separation  of  the  large  and  small 
shot  took  place  within  a  very  few  seconds. 

The  ratio  of  -.-  for  the  largest  and  smallest  sizes  of  shot,  com- 
puted on  the  supposition  that  the  shot  were  supported  by  the  ob- 
served velocity  of  current,  are  given  in  the  following  table  : 


Velocity  of  current, 

.091 

.119 

.135 

.148 

.154 

Katio  for  2.52  mm.  shot,  . 

.925 

.902 

.888 

.877 

.872 

"       "   4.77     "        " 

.947 

.930 

.921 

.913 

.910 

Further  experiments  on  a  larger  scale  will  be  necessary  to  demon- 
strate how  far  this  sizing  action  will  be  produced  by  the  intermittent 
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pulsations  of  a  jii;,  and  what  effect  downward  currents  will  pro- 
duce. This  sizing  will  not  interfere  with  the  separation  of  minerals 
of  difJ'erent  density,  but  will,  on  the  contrary,  facilitate  the  separation 
of  the  lari>;e  grains  of  the  gangue,  which  will  be  surrounded  by 
small  grains  of  the  heavy  mineral. 

This  tendency  of  the  small  grains  to  rise  does,  however,  interfere 
with  the  passage  of  the  fine  grains  of  heavy  mineral  through  the 
bed  of  coarse  mineral  on  the  sieve.  In  the  English  method  of  jig- 
ging, it  is  a  common  practice  to  have  downward  currents  alternate 
with  rising  currents  in  order  to  facilitate  the  passage  of  the  fine 
mineral  into  the  hutchwork. 

Equal-Falling  Spheres. 

If  now  we  determine  the  diameters  of  equal-falling  spheres  of 
quartz  and  galena  on  the  basis  of  Equations  13  and  17,  we  shall 
have  a  guide  to  the  range  of  size  permissible  in  jigging  these  min- 
erals. The  large  spheres  of  quartz  will  be  surrounded  by  small 
spheres  of  galena,  and  the  small  spheres  by  spheres  of  equal  or 
larger  size,  and  we  shall  have  for  equal-falling  grains,  under  the 
conditions  assumed,  d  being  the  diameter  for  quartz,  and  t/j  the 
diameter  for  galena. 


0.307  v/  d  (2.6—1)  =  0.S33  v/  d^  (7.5—1) 
or  the  diameter  of  equal-falling  grains  will  be  in  the  ratio, 

cZ  :  di  :  :  31  :  1 (18). 

We  see,  therefore,  that  if  the  material  to  be  treated  be  sized  be- 
tween the  limits  of  1  mm.  and  30  mm.,  it  will  be  possible  to  sepa- 
rate the  quarfz  from  the  galena.  All  the  spheres  of  galena  will 
have  a  greater  falling- velocity  than  the  1  mm.  grain  ;  and  all  the 
spheres  of  quartz  will  rise  more  readily  and  fall  more  slowly  than 
the  30  mm.  strain.  The  conditions  assumed  are  in  each  case  those 
least  favorable  to  separation. 

Calculated  from  the  formuUc  for  free-flilling  grains,  the  ratio  of 
diameter  for  equal-fulling  spheres  of  quartz  and  galena  would  be  4  : 1. 

At  the  St.  Joseph  Lead  Company's  dressing-works,  the  roughing- 
jigs  separating  galena  and  limestone  do  good  work  on  stuff  ranging 
from  4  mm.  to  "|  mm.  in  size,  or  32  :  1,  and  fairly  good  work  on 
-^  mm.  stuff,  with  a  size-ratio  of  80  :  1. 
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The  Movement  of  Fine  Stuff  in  the  Interstitial  Channels. 

There  seems  to  be  ground  for  an  extension  of  the  permissible 
size-ratio,  when  we  consider  the  conditions  affecting  the  separation 
of  the  very  finest  material.  The  size  of  the  grains  forming  the 
mineral-bed  on  the  jig  is  determined  by  the  mesh  of  the  jig-sieve. 
Grains  which  are  small  enough  to  move  freely  in  the  interstitial 
channels  in  this  mineral-bed  move  under  different  conditions  from 
those  in  the  jig-bed  itself. 

If  we  consider  a  series  of  tubes,  1  mm,  in  diameter,  as  represen- 
ting the  interstitial  channels  in  a  bed  of  galena  on  a  jig-sieve,  the 
quickest-moving  grains  of  quartz  in  such  tubes  will  have  a  diameter 
of  0.4  mm.  (Equation  10.)  A  grain  of  galena  having  the  same 
velocity  in  a  1  mm.  tube  has  a  diameter  of  about  0.015  mm.  (Equa- 
tion 9.)  It  should  be  noted  that  Equation  9  gives  two  values  of  d, 
viz.:  0.015  and  0.915.  Under  the  conditions,  however,  the  largest 
grain  of  galena  or  quartz  which  can  move  in  a  1  mm.  channel  will 
have  a  diameter  of  0.89  mm.  (Equation  11.)  In  these  interstitial 
channels,  then,  and  for  this  very  fine  stuff",  under  the  conditions  as- 
sumed, the  permissible  size  ratio  is  0.89  to  0.015  or  60 :  1. 

Effect  of  the  Irregularities  of  the  Interstitial  Channels. 

A  series .  of  experiments  was  made  with  an  artificial  interstitial 
channel.  A  negative  was  made  by  pressing  spheres,  two  inches  in 
diameter,  into  a  core  of  wax.  The  wax  core  was  suspended  in  a 
metal  tube,  which  was  then  filled  with  plaster  of  Paris.  After  the 
plaster  had  set,  the  tube  was  heated,  melting  the  wax  and  leaving  a 
perfect  reproduction  of  an  interstitial  channel  in  the  tube.  The 
cross-section  of  this  channel  varies  at  different  points.  At  the  places 
where  the  spheres  are  in  contact  it  is  quite  small,  while  between 
the  points  of  tangency  its  area  is  much  enlarged.  With  perfect 
spheres  the  maximum  area  of  the  interstitial  channels  is  about  40 
per  cent,  of  the  total  area,  and  the  minimum  area  about  10  per 
cent.  The  velocity  of  the  rising  current  thus  varies  between  two 
and  a  half  and  ten  times  that  of  the  whole  area  of  the  jig-sieve. 
The  equivalent  diameters  of  the  channel  at  the  narrowest  and  widest 
places  are  about  one-third  and  two-thirds  respectively  of  the  diam- 
eters of  the  spheres  forming  the  channel.  The  lifting  effect  of  a 
rising  current  in  such  a  channel  varies  between  wide  limits.  Ex- 
periments show  a  buoyant  effect  five  times  greater  in  the  narrow 
part  of  the  channel   than  in  the  widest  place.     This  fact,  perhaps, 
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explains  tlie  imperfect  action  of  jigs  on  the  finest  stnif.  The  de- 
scending grains  of  tlic  heavy  mineral  have  to  pass  the  narrow  por- 
tions of  the  interstitial  channels,  where  the  lifting-effect  is  greatest; 
and  the  light  grains  have  to  be  lifted  through  the  widest  places  in 
the  same  channels,  where  the  current  has  its  minimum  eifect. 

In  practice,  with  angular  and  rounded  ore-grains,  the  variations 
in  the  size  of  the  interstitial  channels  is  less  pronounced  than  in  the 
case  of  perfect  spheres. 

The  larger  ore-grains  are  in  contact  with  the  surrounding  parti- 
cles, and  thus  determine,  to  a  certain  extent,  the  size  of  the  intersti- 
tial channels  in  which  they  move.  The  irregularity  in  the  diameter 
of  the  interstitial  channels  will  therefore  affect  the  very  finest  par- 
ticles only. 

Effect  of  the  Size  of  the  Mesh  of  Jig-Sieves. 

.  In  the  treatment  of  unsized  material  on  a  jig,  the  size  of  the 
mesh  of  the  jig-sieve  will  have  an  important  influence  on  the  result. 

1.  The  mesh  of  the  sieve  must  bear  a  definite  relation  to  the 
coarsest  grain  of  ore,  in  order  to  limit  the  range  of  size  treated. 

2.  The  mesh  of  the  sieve  will  determine  the  size  of  the  smallest 
grains  in  the  jig-bed,  and,  therefore,  the  size  of  the  interstitial 
channels  left  by  the  sifting  through  of  the  finest  material. 

3.  The  mesh  of  the  jig-sieve  thus  indirectly  determines  the  extent 
to  which  fine  material  can  be  treated. 

4.  It  is  evident  that  grains  minute  enough  to  move  freely  in  the 
small  interstitial  channels  will  be  affected  by  the  irregular  size  of 
these  channels. 

5.  It  is  also  evident  that  material  of  less  diameter  than  the  grain 
of  maximum  velocity,  that  is,  grains  less  than  four-tenths  the  diam- 
eter of  the  smallest  interstitial  channels,  cannot,  in  any  case,  be 
treated  to  advantage. 

Period  of  Accelerated  Motion. 

In  the  foregoing  discussion,  no  account  has  been  taken  of  the  fact 
that  the  pulsating  currents  of  a  jig  do  not  last  long  enough  to  result 
in  uniform  motion  of  the  moving  grains.  The  separation  actually 
takes  place  during  the  period  of  accelerated  motion.  It  has  been 
demonstrated,  however,  by  Sparre  and  others,  that  during  this 
period  of  acceleration,  the  advantage  is  with  the  small  grain  of  the 
heavy  mineral.     The  short  duration  of  the  strokes  of  a  jig  is  then 
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favorable  to  the  separation  of  unsized  material,  and   tends  to  in- 
crease the  size-ratio  permissible. 

Effect  of  Adhesion  of  Water. 

Since  this  paper  was  first  presented  to  the  Institute,*  Mr.  Luther 
Wagoner  f  has  given  the  details  of  a  very  interesting  series  of  ex- 
periments to  determine  the  maximum  falling-velocity  of  small  grains 
in  water  and  in  glycerine.  Mr.  Wagoner's  experiments  were  made  in 
a  tube  22.7  mm.  inside  diameter,  inside  of  which  was  a  second  tube 
6.3  mm.  diameter,  reaching  nearly  to  the  bottom,  through  which  the 
ore-grains  were  eiiarged.  The  current  of  water  ascending  through 
the  8.2  mm.  annular  space  between  the  two  tubes,  carried  upwards  a 
portion  of  the  ore-grains.  The  greater  the  velocity  of  the  rising  cur- 
rent, the  coarser  the  grains.  The  velocity  of  the  rising  current  was 
determined  by  noting  the  time  required  to  fill  a  vessel  of  known 
capacity,  and  the  grains  carried  up  by  the  current  were  measured 
either  directly  or  by  computation  of  diameter  from  ascertained  weight. 
Mr.  Wagoner's  experiments  were  on  quartzite  grains  from  0.055 
mm.  to  0.815  mm.  in  diameter.  He  makes  no  allowance  (1)  for  the 
diameter  of  the  tube;  (2)  for  the  effect  of  the  grains  on  each  other; 
nor  does  he  take  into  account  (3)  the  fact  that  the  observed  velocity, 
that  of  the  water-current,  is  not  the  true  velocity  of  the  grain  which 
is  falling  against  the  water.  The  results  which  he  has  obtained  will 
therefore,  need  revision. 

Mr.  Wagoner  takes  into  account,  however,  in  the  construction  of 
his  formulae,  the  fact  that  spherical  bodies  moving  in  water  or  air 
have  a  certain  volume  of  water  or  air  attached  to  theni.J  He 
assumes  that  such  spheres  have  a  minimum  skin  of  constant  thick- 
ness, and  an  outer  envelope  which  is  stripped  away  in  some  inverse 
ratio  to  the  velocity. 

This  adhesion  of  the  water  to  the  spheres  (and  to  the  walls  of  the 
tube)  will  perhaps  explain  the  anomalous  results  obtained  in  my 
experiments  with  the  16.27  mm.  shot.  In  the  table  on  page  643, 
it  will  be  noted  that  the  coefficient  obtained  by  experiment  differs 
widely   from   that  computed   from   the  formula.      This    difference 

*  Boston  meeting,  February,  1888.  The  paper  was  subsequently  withheld  for 
further  perfecting  in  details ;  but  an  abstract  was  published  in  School  of  Mines 
Quaiteiiy,  January  and  April,  1888. 

f  Technical  Society  of  the  Pacific  Coast,  Meeting  of  March  2,  1888,  Transactions, 
vol.  v.,  p.  32. 

X  Equal  to  .6  the  volume  of  the  sphere.     Coxe's  Weisbach's  Mechanics,  p.  1031. 
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is  even  more  marked  in  the  results  obtained  with  low  velocities, 
when,  aceordiiii;  to  Mr.  Wagoner's  hypothesis,  the  skin  would  be 
thieker. 

A  few  of  the  results  obtained  will  illustrate'  this.     Experiments 
with  smaller  shot  show  the  same  thing,  though  to  a  less  degree: 


Experim'nt 

No. 

Diameter 

Diameter 

Velocity  of 

Lifting 

Constant 

of  Shot. 

of  Tube. 

Current. 

Ett'eet. 

from 

mm. 

mm. 

m.  per  sec. 

grammes. 

Experiment. 

85 

16.27 

19.50 

.058 

0.500 

1.47 

88 

" 

" 

.121 

2.000 

1.18 

91 

" 

" 

.163 

3.491 

1.12 

61 

" 

" 

.238 

5.990 

1.05 

G3 

" 

" 

.246 

6.988 

l.Ol 

67 

" 

" 

.3U0 

9.985 

0.99 

71 

" 

" 

.380 

15,975 

0.96 

75 

" 

.477 

23.964 

0  92 

The  constant  from  the  formula  is  0.88. 

As  the  effect  of  this  film  of  water  tends  to  disappear  with  higher 
velocities,  sufficient  to  support  or  raise  the  sphere  or  grain  of  mineral, 
it  has  not  been  thought  best  to  complicate  the  formulae  already  given 
by  introducing  terms  to  provide  for  the  increased  diameter  of  the 
grains  due  to  this  film  of  varying  thickness,  especially  as  the  formula 
here  deduced  seems  to  apply  so  well  to  the  movement  of  grains  en 
masse.  In  Mr.  Wagoner's  experiments  with  small  spheres  and  low 
velocities,  this  film  surrounding  the  grains  seems  to  play  a  much 
more  important  role. 

Practical  Illustration. 

The  roughing-jigs  in  the  mill  of  the  St.  Joseph  Lead  Co.,*  at 
Bonne  Terre,  Mo.,  treat  unsized  stuff  from  4  mm.  to  the  finest 
slime. 

The  pistons  of  these  jigs  make  150  strokes,  2"  long,  per  minute. 
The  area  of  the  piston  is  about  one-third  the  area  of  the  jig-sieve. 
The  amount  of  under-water  is  but  little  in  excess  of  that  discharged 
with  the  hutch-work,  and  has  but  little  effect  on  the  velocity  of  the 
jig-currents.  The  rising  current  is  therefore  that  due  to  the  move- 
ment of  the  piston,  or  about  0.08  m-.  per  second.  This,  according  to 
Formula?  14  and  15,  will  rai.^e  a  4  mm.  grain  of  galena,  the  maximum 
sized  grain  of  the  galena-bed.     This  furnishes  a  crucial  test  of  the 

*  See  also  a  paper  on  "The  New  Dressing  Works  of  the  St.  Joseph  Lead  Ck)in- 
pany,"  by  the  writer,  at  page  659  of  the  present  volume, 
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accuracy  of  the  formulae  and  indicates  that  they  can  be  used  in 
practice  to  compute  the  stroke  of  jigs  if  desired.  The  downward 
current  has  about  the  same  velocity.  The  jig-sieves  are  of  No.  6 
wire-cloth,  with  about  2.8  mm.  openings.  The  grain  of  maximum 
velocity  is  one-eighth  millimeter.  This  was  determined  by  observing 
the  relative  amounts  of  each  size  passing  through  the  sieve,  and  going 
over  the  sieve,  respectively.  Tailings  finer  than  this  show  free  galena, 
though  the  loss  is  not  serious  above  one-twelfth  or,  perhaps,  one- 
sixteenth  millimeter.  The  hutch-work  begins  to  be  poor,  indicating 
imperfect  concentration,  at  about  one-quarter  millimeter. 

The  finishing-jigs  at  thesame  mill  treat  stuff  one  millimeter  and  less 
in  size.  The  jigs  are  run  at  270  strokes,  one-quarter  inch  long,  per 
minute.  The  jig-sieve  is  of  No  8  wire-cloth  (2  mm.).  These  jigs 
treat  successfully  stuff  one-twentieth  mm.  in  size. 

It  will  be  seen  that  these  results  tend  to  confirm  the  laws  developed 
by  tiiis  investigation.  The  concentration  is  quite  satisfactory,  and 
there  is  no  loss  in  free  galena  except  in  the  very  finest  material,  stuff 
fine  enough  to  be  affected  by  the  irregularities  in  the  smallest  inter- 
stitial channels;*  and  so  fine  as  to  be  smaller  than  the  grain  of 
maximum  velocity. 

The  range  of  size  treated  successfully  on  these  jigs,  without  loss 
of  free  galena  in  the  tailings,  is  from  4  mm.  to  ^  mm.  in  one  case, 
and  1  mm.  to  ^  mm.  in  the  other;  or  1  :  32  and  1  :  20  respectively. 

The  English  Method  of  Jigging  . 

The  principal  advantage  of  the  English  method  of  jigging  is 
that  it  dispenses  with  the  operation  of  sizing  by  screens.  The  plant 
is  thus  simpler  and  cheaper,  and  the  expense  of  treatment  less.  If 
the  jigging  be  conducted  entirely  without  size-classification,  as  at 
Bonne  Terre,  it  has  the  further  advantage  that  very  fine  material 
can  be  treated  successfully  on  jigs,  which  would  otherwise  have  to 
be  treated  on  tables.  The  bulk  of  the  gangue,  both  fine  and  coarse, 
is  thus  at  once  separated  by  the  "  roughing-jigg,"  leaving  but  a 
small  amount  of  rich  stuff  to  be  treated  on  the  finishing-jigs  and 
tables.  As  the  treatment  of  the  fine  stuff  by  itself  is  troublesome, 
and  the  capacity  of  slime-jigs  and  tables  is  small,  the  plant  and 
method  of  treatment  are  still  further  simplified  and  cheapened. 

*  In  computing  the  probable  size  of  these  smallest  channels,  it  must  be  remem- 
bered tliat  the  stuff  sifts  slowly  through  the  jig-sieve,  so  that  there  is  alwajs 
material  in  the  bed  much  finer  than  the  mesh  of  the  wire-cloth. 
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Tlie  English  method  is  especially  well  suited  to  the  conccntratiou 
of  low-grade  ores  on  a  large  scale. 

Enrichment  of  Ilufchwork. 

The  principal  objection  in  practice  to  the  English  system  of  jig- 
ging is  the  imperfect  concentration  of  the  material  passing  through 
the  jig-bed.  The  hutchwork  is  much  richer  when  the  stuff  is  sized 
before  jigging-  This  difficulty  is  overcome  at  Lake  Superior  and 
elsewhere  by  the  re-treatment  of  this  hutchwork  on  finishing-jigs. 
At  Bonne  Terre,  the  hutchwork  is  classified  in  pointed  boxes,  the 
sands  re-treated  on  jigs,  and  the  slimes  concentrated  on  side-bump 
tables. 

The  present  investigation  suggests  means  whereby  the  hutchwork 
can  be  enriched  without  the  necessity  for  this  second  treatment. 
By  treatment  of  fine  and  coarse  material  together  on  the  same  jig, 
interstitial  channels  will  be  formeil  between  the  coarse  grains,  in 
which  the  fine  stuff  can  be  very  perfectly  concentrated.  Again,  by 
decreasing  the  mesh  of  the  jig-sieve  the  size  of  the  interstitial  chan- 
nels may  be  reduced,  and  still  finer  material  successfully  concen- 
trated. Exj>eriments  made  two  years  ago,  at  one  of  the  Lake 
Superior  mills,  to  test  the  possibility  of  reducing  the  number  of 
grades  of  sand,  developed  the  unexpected  result  that  the  hutch- 
work was  much  improved  by  jigging  coarse  and  fine  stuff  together, 
the  reason  for  which  is  now  clear. 

At  Bonne  Terre,  also,  experiments  have  proved  the  same  thing. 
At  this  mill,  however,  the  problem  is  complicated  by  the  necessity 
of  running  the  roughing-jigs  so  as  to  suck  as  much  fine  stuff  through 
the  sieve  as  possible. 

Treatment  of  Slimes. 

The  problem  to  be  solved  in  connection  with  the  English  method 
of  jigging  is  to  determine  the  best  method  of  treating  the  stuff  too 
fine  to  be  concentrated  successfully  in  the  interstitial  channels  of  the 
jig-bed. 

The  first  and  most  obvious  method  is  the  one  adopted  at  Lake 
Superior;  viz.,  to  separate  the  fine  stuff  by  water-classification 
before  jigging  the  sands. 

The  objections  to  this  course  are,  first,  the  quantity  of  water  re- 
quired to  effect  the  separation  of  the  slime;  and  second,  the  fact 
that  much  fine  stuff  will  be  sent  to  the  tables  that  could  be  treated 
successfully  on  the  jigs. 
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A  second  plan  is  to  separate  the  fine  stuff  from  the  tailings  of  the 
jigs  by  proper  classifiers.  This  is  perfectly  feasible,  and  has  the  ad- 
vantage that  the  jigs  can  be  so  run  as  to  produce  a  rich  hutch  work. 
This  plan  requires  large  settling-tanks,  and  a  considerable  amount 
of  clean  water  to  effect  the  separation  of  the  slime.  It  has  the  ad- 
vantage over  the  plan  of  separating  before  jigging  that  the  fine 
mineral  is  partly  concentrated  and  saved  by  the  jigs. 

A  third  plan,  which  will  effect  a  partial  solution  of  the  problem, 
is  to  run  the  jigs  so  as  to  take  full  advantage  of  the  interstitial 
action.  By  reducing  the  mesh  of  the  jig-sieve  finer  material  can  be 
concentrated.  With  a  given  maximum  size  for  the  coarse  sand- 
grains,  however,  a  limit  will  be  found,  beyond  which  the  mesh  of 
the  sieve  cannot  be  reduced.  Possibly  it  may  be  found  practicable 
to  use  a  three  or  four-sieved  jig,  with  different  mesh  on  each  sieve, 
and,  by  varying  the  stroke  of  the  pistons,  to  adapt  each  sieve  to  the 
saving  of  a  certain  grade  of  sand.  At  Lake  Superior  the  tail-sieves 
have  finer  mesh  than  the  head-sieves.  Or  the  roughing-jigs  may 
be  run  with  little  under-water,  so  as  to  suck  all,  or  nearly  all,  of  the 
fine  stuff  through,  thus  insuring  poor  tailings,  and  the  hutchwork 
may  then  be  treated  again  on  jigs  of  finer  mesh.  These  finer  jigs 
should  be  run  in  the  same  way,  and  their  hutchwork  should  be 
treated  on  tables. 

By  one  or  another  of  the  above  methods,  it  may  be  found  practi- 
cable to  save  and  treat  the  slime  without  using  classifiers  to  separate 
it  from  the  sands.  There  is  certainly  a  large  field  here  for  careful 
and  systematic  experiment. 

A  fourth  plan  is  to  conduct  the  crushing  so  as  to  produce  a  mini- 
mum amount  of  slime  :  for  example,  by  a  system  of  gradual  crush- 
ing, using  two  or  more  sets  of  rolls ;  or  by  coarse-crushing,  followed 
by  jigging  and  fine-crushing  of  "raggings"  only;  or,  again,  by 
calcining  the  ore  so  as  to  make  it  more  friable.  By  one  or  another 
of  these  methods  it  may  be  possible  to  limit  the  production  of  fine 
stuff,  so  that  in  many  cases  it  may  be  allowed  to  escape  without 
serious  loss. 

Hesume. 

The  following  are  the  main  points  developed  by  this  investigation. 

1.  Bodies  falling  through  water  in  a  tube  do  not  attain  as  high  a 
velocity  as  in  falling  through  the  same  medium  in  large  vessels. 

2.  The  falling  velocity  is  but  little  affected  when  the  diameter  of 
the  body  is  less  than  one-tenth  that  of  the  tube. 
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3.  The  falling  velocity  is  the  more  retarded  as  the  diameter  of  the 
body  approximates  that  of  the  tube. 

4.  A  sphere  four-tenths  tlie  size  of  the  tube  will  develop  the 
greatest  falling  velocity,  and  will  require  a  current  of  maximum 
velocity  to  support  or  raise  it. 

5.  Grains  falling  en  masse  are  really  moving  in  confined  channels, 
and  follow  the  law  of  the  movement  of  bodies  in  tubes.  The  fiilling- 
velocity,  and  the  velocity  of  the  current  necessary  to  support  or  raise 
the  mass  of  grains,  increase  and  diminish  with  the  distance  apart  of 
the  grains. 

6.  The  diameter  of  the  channel  in  which  the  single  grain  moves 
equals  the  cube  root  of  the  volume  of  the  grain  with  its  proportion 
of  the  interstitial  space,  or,  in  other  words,  the  cube  root  of  the  space 
occupied  by  the  grain. 

7.  In  a  mass  of  grains  of  different  sizes,  the  large  grains  move 
relatively  in  smaller  channels  than  the  small  grains.  The  ratio  of 
the  diameters  of  equal-falling  grains  of  quartz  and  galena,  under 
such  conditions,  is  31  to  1,  instead  of  4  to  1,  which  latter  ratio  holds 
good  for  free-falling  grains  only. 

8.  The  formulae  for  grains  moving  in  tubes,  wlien  applied  as  above 
to  grains  moving  en  masse,  enable  us  to  compute  the  velocity  of  jig- 
currents  and  thus  determine  the  proper  length  and  number  of  strokes 
of  the  jig-piston.  The  old  formulae  gave  results  many  times  too 
large. 

9.  The  present  investigation  demonstrates  that  dose  sizing  is  not 
necessary  for  the  separation  of  different  minerals  by  jigging,  unless  the 
difference  in  specific  gravity  is  small.  This  has  been  recognized  in 
practice  for  some  time,  especially  in  this  country. 

10.  Downward  currents  are  apparently  necessary  to  success  in 
jigging  through  a  bed.  This  requires  confirmation  by  experiments 
on  a  larger  scale. 

11.  Very  fine  material,  less  than  ^\  millimeter  in  diameter,  can  be 
treated  successfully  on  jigs,  if  treated  tvifh  coarse  stuff,  the  concentra- 
tion taking  place  in  the  small  interstitial  channels  between  the  grains 
forming  the  mineral  bed.  For  the  treatment  of  fine  stuff  on  jigs,  close 
sizing  is  a  positive  disadvantage.  Jigs  work  well  on  mixed  stuff,  and 
very  badly  on  fine  stuff  alone.  Stuff  less  than  four-tenths  the  size 
of  the  smallest  interstitial  channels  cannot  be  treated  successfully  in 
this  way. 

12.  The  size  of  the  mesh  of  the  jig-sieve  has  a  very  important 
influence,  and  must  be  proportioned  to  the  work  to  be  done. 
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13.  The  English  method  of  jigging  without  sizing,  except  possibly 
so  far  as  is  necessary  to  remove  the  very  finest  slimes,  has  many  ad- 
vantages, and  should  be  more  generally  adopted. 

This  investigation  has  proved,  to  the  writer,  exceedingly  fruitful 
of  suggestions  of  experiments  to  be  made  and  of  further  truths  to  be 
developed.  The  results  so  far  attained  are  here  presented,  in  the 
hope  that  they  may  prove  equally  suggestive  to  others  interested  in 
this  important  branch  of  mechanical  metallurgy.  The  generally 
accepted  ideas  on  the  subject  of  ore-dressing  apparently  need  careful 
revision. 


THE  NEW  DBESSING-WOBKS  OF  THE  ST.  JOSEPH  LEAD 
COMPANY,  AT  BONNE  TERBE,  31ISS0UBL 

BY  H.  S.  MUNROE,  SCHOOL  OF  MINES,  NEW  YORK  CITY. 

(Buffalo  Meeting,  October,  1888.) 

The  dressing-works  of  the  St.  Joseph  Lead  Company  were  de- 
stroyed by  fire,  February  26th,  1883.  Within  about  four  months, 
or  on  July  5th,  1883,  the  new  mill,  with  a  capacity  of  500  tons  per 
day,  was  built  and  in  active  operation.  The  capacity  of  the  new 
mill  has  since  been  increased  to  800  tons  per  day. 

The  old  mill  was  built  in  1867,  by  ISIr.  C.  B.  Parsons,  the 
present  superintendent.  It  was  a  curious  rambling  old  struct- 
ure, which  had  grown  with  the  demands  of  the  business;  a 
few  jigs  having  been  added  in  one  place,  a  table  or  two  in  another 
and  wings  and  sheds  added  to  the  main  buildings,  from  time  to  time, 
as  it  was  found  necessary  to  increase  the  efficiency  or  the  capacity  of 
the  mill.  The  old  mill  was,  moreover,  a  most  interesting  place  to 
the  student,  a  perfect  "museum  of  ore-dressing."  Nearly  every 
form  of  dressing  apparatus  known  to  the  art  had,  at  one  time  or  another, 
found  a  place  under  its  roof,  jigs  of  many  kinds,  concave,  convex, 
side-bump  and  stationary  tables,  tyes,  buddies,  dolly-tubs,  etc., 
etc.  The  method  of  dressing  followed  in  the  main  the  lines  of 
English  practice,  but  with  many  modifications,  both  in  the  ma- 
chinery and  the  methods  of  working,  due  to  the  inventive  genius  of 
Mr.  Parsons.  Different  forms  of  crushing  apparatus  were  tried,  and 
the  best  method  of  handling  the  ore  and  the  different  products  of 
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the  mill,  was  carofully  worked  out.  At  one  time,  moreover,  tlie 
mill  wa.«  surrendered  to  a  German  expert,  of  acknowledged  ability, 
and  the  Continental  system  of  dressing  was  given  a  fair  trial,  with 
its  numerous  sizing-drums  and  jigs  with  varying  speed  and  stroke 
adaj)ted  to  each  ore-class. 

The  new  mill  represents,  then,  the  results  of  fifteen  years'  study 
and  experiment  in  the  old  structure,  and  is  a  shining  example  of 
the ''survival  of  the  fittest"  both  in  apparatus  and  in  methods  of 
treatment. 

The  salient  features  of  the  new  mill  are  :  first,  the  method  of  treat-r 
ment,  which  follows  English  rather  than  German  precedents ;  second, 
the  dressing  apparatus,  which  has  many  novel  features;  and  third, 
the  construction  and  arrangement,  and  the  methods  of  handling  the 
ore  and  mill-products,  which  are  quite  unique. 

The  work  of  dressing  is  carried  on  at  Bonne  Ter re  under  special 
difficulties.  For  many  years  the  only  water-supply  has  been  the 
rainfall  of  a  basin  about  a  square  mile  in  area,  the  water  being  col- 
lected and  stored  in  a  reservoir  formed  by  a  dam  across  the  little 
valley.  The  water  is  used  over  and  over  again,  the  portion 
heavily  charged  with  slime  being  allowed  to  escape  into  a  small 
settling  pond,  from  which  it  is  again  pumped  into  the  mill.  The 
only  water  lost  is  that  carried  off  in  the  wet  sand  and  that  lost  by 
evaporation.  This  loss  is  made  good  by  drawing  small  quantities 
from  time  to  time  from  the  reservoir. 

The  disposal  of  the  waste  sands  or  "chats"  is  also  a  matter  of 
some  difficulty.  Until  recently  the  company  had  no  dumping 
ground  available  near  the  mill,  which  fact,  with  the  lack  of  water, 
made  it  impossible  to  run  off  the  sand  by  launders  in  the  usual  way. 
Resort  therefore  was  had  to  the  plan  of  carrying  off  the  sands  in 
railroad  cars  designed  fi^)r  the  purpose.  In  the  old  mill  these  cars 
were  loaded  by  bucket-elevators,  but  in  the  new  mill  special  "chat- 
tanks"  have  been  introduced  for  the  purpose.  The  water  which 
drains  from  the  cars  runs  into  the  settling-pond  and  is  saved.  The 
"chats"  are  used  for  grading,  for  railroad  embankments  and  ballast, 
and  recently  in  the  construction  of  a  new  dam  made  necessary  by 
the  undermining  of  the  old  reservoir.  The  bulk  of  the  sands  are 
dumped  in  the  valley  above  the  dam,  so  that  the  water  which  they 
still  retain  drains  out  and  eventually  finds  its  way  into  the  reservoir. 

By  a  recent  consolidation,  these  disadvantages  have  been  removed 
in  part.  The  company  now  owns  a  large  punijiing-plant  on  Big 
river,  about  three  miles  away,  and  only  the  additional  water-supply 
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SO  gained  has  made  it  possible  to  continue  work  through  the  severe 
drought  of  the  past  season.  A  more  convenient  dumping-ground 
for  the  waste  sands,  also  has  been  secured. 

The  ore  is  galena,  associated  with  some  iron  pyrites  carrying  traces 
of  nickel  and  cobalt.  The  mineral  is  disseminated  in  a  magnesian 
limestone  in  irregular  segregated  deposits  of  large  size.  Formerly  it 
was  supposed  that  these  deposits  occurred  in  definite  "ranges"  and 
at  certain  horizons  only,  but  further  exploration  with  the  diamond 
drill  has  proved  the  existence  of  ore-bodies  over  the  whole  area 
prospected,  nearly  a  square  mile,  and  through  a  thickness  of  over 
three  hundred  feet  of  limestone.  The  deposit  is  worked  by  enor- 
mous chamber- workings,  supported  at  intervals  by  heavy  pillars. 
Underhand  stoping  is  employed  and  the  ground  is  broken  with 
machine-drills  and  high  explosives.  Formerly  small  diamond  drills 
were  used  for  boring  the  blast-holes,  and  very  deep  holes,  thirty  feet 
and  more,  and  heavy  charges  of  explosive  were  employed.  The 
recent  advance  in  the  price  of  diamonds  has  made  necessary  the  in- 
troduction of  percussion-drills  ;  and  the  excessive  amount  of  block- 
holing,  incident  to  the  large  blasts,  has  caused  the  employment  of 
blast-holes  of  more  moderate  depth.  Owing  to  the  large  size  of  the 
workings,  the  cost  of  breaking  ground  is  quite  low.  The  rock  is 
loaded  in  small  iron  cars,  hauled  by  mules,  and  brought  to  the  sur- 
face through  vertical  shafts. 

The  main  shaft  is  close  to  the  mill,  and  the  cars  are  run  by  the 
launders  into  the  dumping-cradles  above  the  crushers.  The  mine- 
cars  from  the  more  distant  shafts  are  brought  to  the  mill  on  special 
platform  cars  by  switching-engines.  These  platform  cars  hold  twenty 
mine-cars  each,  and  there  is  a  sufficient  number  of  them  to  avoid 
delay. 

Chitline  of  Method  of  Treatment. 

The  method  of  treatment  may  be  outlined  as  follows :  The  ore 
is  crushed  by  jaw-crushers  and  rolls,  and  screened  dry  through  a 
6  mm.  screen.  The  sands  passing  through  the  screen  are  thoroughly 
mixed  with  water  and  elevated  by  centrifugal  pumps  to  distributors 
and  divided  among  the  Parsons  jigs,  without  any  previous  sizing 
or  classification.  The  tails  ("  chats " )  after  passing  over  the 
two  sieves  of  these  jigs  receive  no  further  treatment,  and  are  conveyed 
by  launders  to  the  "  chat-tanks."  Coarse  galena  and  raggings  are 
skimmed  by  hand  from  the  jigs  at  intervals,  leaving  always  a  suffi- 
cient bed  to  ensure  good  hutchwork.     The  hutchwork  which  comes 
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through  the  sieves  of  the  Parsons  jigs  pass  through  a  series  of  spitz- 
kasten.  The  heavy  galena,  mixed  with  some  sand  and  slime,  settles 
in  the  first  box  of  the  series  from  which  it  is  fed  to  a  trunking- 
machine.  The  pure  galena  from  this  machine  falls  into  railroad 
cars  and  goes  to  the  smelting-works.  The  tails  from  the  truuking- 
machine,  together  with  the  sands  settling  in  the  second  box  of  the 
spitzkasten,  are  elevated  by  centrifugal  pumps  and  divided  between 
the  Hartz  three-sieved  jigs.  The  tails  of  the  Hartz  jigs  receive  no 
further  treatment,  going  directly  to  the  chat-tanks.  Galena  and 
pyrites  are  skimmed  from  the  sieves  of  these  jigs.  A  bed  of  galena 
is,  however,  maintained  on  all  three  sieves  so  as  to  ensure  a  rich 
hutchwork.  The  hutchwork  of  these  finishing-jigs  is  nearly  pure 
galena,  and  goes  to  galena-boxes  on  the  lower  floor,  which  are 
emptied  from  time  to  time,  and  the  galena  loaded  on  cars  to  go  to 
the  smelting-works. 

The  fine  slimes  settling  in  the  third  and  fourth  boxes  of  the  spitz- 
kasten are  united  and  raised  by  centrifugal  pumps  to  the  distributors 
feeding  the  first  row  of  Parsons-Rittinger  tables.  The  middlings 
from  these  tables  are  treated  on  the  second  row  of  tables.  The  tails 
from  all  the  tables  flow  into  the  chat-tanks,  and  the  heads  run  into 
galena-boxes  on  the  lower  floor  from  which  tiiey  are  loaded  into  cars. 

The  raggings,  containing  from  12  to  20  per  cent,  of  lead,  which 
are  skimmed  from  the  Parsons  jigs,  are  recrushed  by  fine  rolls  and 
elevated  without  screening  to  a  line  of  Hartz  three-sieved  jigs. 
These  raggings  contain  considerable  pyrites. 

Arrangement  of  the  31ilL 

Plate  I.  gives  a  general  plan  of  the  mill  and  Plate  II.  a  trans- 
verse section.  The  mill  is  a  two-story  structure.  On  the  main  floor 
are  the  ore-bins,  the  rough ing-jigs,  the  finishing-jigs,  and  the  tables. 
All  the  work  requiring  abundance  of  light  and  careful  supervision 
is  concentrated  on  this  floor.  The  entire  absence  of  overhead  ma- 
chinery, screens,  shafting  and  belting,  classify ing-tanks  and  launders 
is  very  noticeable.  There  is  nothing  to  intercept  the  light  falling 
on  the  jigs  and  tables,  and  the  whole  floor  is  so  open  that  supervision 
is  rendered  easy  and  effective.  The  roof  is  a  mere  umbrella  of 
corrugated  iron,  with  light  iron  trusses  and  supjjorted  on  slender 
columns.  All  the  heavy  weights,  and  jarring  machinery  are  as  near 
the  ground  as  possible.  The  rolls,  screens,  centrifugal  pumps,  spitz- 
kasten, chat-tanks  and  galena-boxes  are  on  the  lower  floor  near  the 


THE  NEW   DRESSING   WORKS   AT  BONNE-TERRE. 


663 


664  THE   NEW    DRESSING-WORKS   AT   BONNE  TERRE. 


Ph 


? 


THE   NEW    DEESSING-WOEKS   AT    BONXE   TERRE.  665 

ground.  The  shafting,  gearing,  pulleys  and  belting  are  all  below 
the  main  floor. 

This  arrangement  has  many  advantages.  It  is  cheap;  the  heavy 
framing  being  confined  to  one  story.  It  is  strong  and  durable;  the 
jar  of  the  moving  machinery,  crushers,  jigs,  and  tables  having  but 
little  eflPect  on  such  a  low,  flat  and  strongly-braced  structure.  All 
the  classifying-  and  settling-tanks,  with  the  enormous  weight  of  water 
which  they  contain,  rest  directly  on  the  ground.  Finally, the  absence 
of  overhead  machinery  and  apparatus,  besides  increasing  the  light 
and  facilitating  superintendence,  lessens  materially  the  risk  from 
fire,  there  being  absolutely  nothing  to  burn  above  the  main  floor  of 
the  mill. 

The  main  disadvantage  attending  the  arrangement  of  the  mill  in 
two  floors,  as  described,  is  the  necessity  for  elevating  the  material 
to  be  treated  several  times.  This  is  accomplished,  at  Bonne  Terre, 
by  the  use  of  centrifugal  pumps  by'which  the  sands  are  elevated 
uith  the  feed-water  required  for  the  proper  working  of  the  various 
jigs  and  tables.  It  should  be  noted,  moreover,  that  the  bulk  of 
the  material  is  elevated  but  once.  After  passing  over  the  roughing- 
jigs,  600  tons  of  waste  sand  go  at  once  to  the  chat-tanks.  Of 
the  remaining  200  tons,  74  tons  are  mineral  and  raggings,  and  20 
tons  escape  with  the  overflow  of  the  spitzkasten,  leaving  only  106 
tons  to  be  elevated  again.  The  average  lift  of  the  800  tons  raised  by 
the  centrifugal  pumps,  including  that  which  has  to  be  elevated  a 
second  time,  is  less  than  thirty  feet.  If  a  mill  of  several  stories  like 
an  anthracite  breaker,  or  one  arranged  in  steps  or  terraces  like  the 
Lake  Superior  mills,  had  been  built  at  Bonne  Terre,  it  would  have 
been  necessary  to  deliver  the  ore  at  a  level  at  least  forty  feet 
higher  than  at  present,  involving  a  much  more  expensive  building, 
and  increased  cost  of  hoisting,  forty  feet  instead  of  thirty,  for  the 
whole  800  tons,  merely  to  save  the  elevating  of  106  tons  a  second 
time. 

Again,  if  the  mill  had  been  built  in  several  stories  both  the  wash- 
water  and  feed-water  for  the  different  machines  would  have  to 
be  raised  about  twenty  feet  higher  than  at  present,  and  as  twenty- 
nine  tons  of  water  are  required  to  treat  one  ton  of  ore,  this  additional 
lift  would  be  a  serious  matter. 

In  round  numbers  the  saving  by  the  present  arrangement  amounts 
to  about  520,000  foot-pounds  per  day,  or  over  20  horse-power. 
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Ligliting  of  the  Mill. 

The  mill  is  lighted  by  numerous  large  windows  in  the  side  walls, 
and  by  nearly  one  hundred  large  skylights  of  heavy  glass  inserted 
in  the  roof.  '  At  night  the  necessary  light  is  furnished  by  numerous 
incandescent  electric-lamps,  those  near  the  feeding  platforms,  which 
are  liable  to  be  struck  by  flying  bits  of  ore,  being  protected  by 
heavy  wire-cloth. 

Crushing  of  Ore, 

Plate  III.  shows  the  general  arrangement  of  one  set  of  crushing 
and  screening  apparatus.  There  are  ten  such  in  the  mill,  each 
crushing  about  80  tons  in  twenty-four  hours,  consisting  of  a  7"  x  15" 
Blake  crusher,  lever  pattern,  with  corrugated  jaws ;  a  pair  of  Cornish 
rolls,  14"  X  30",  with  cliilled  tires ;  a  revolving  screen,  3  feet  diameter 
by  8  feet  long,  with  6  mm.  perforated  steel-plates,  a  bucket-elevator 
for  the  material  coarser  than  6  mm.,  and  a  centrifugal  pump. 

The  jaw  crushers  are  set  to  crush  to  about  38  mm,,  or  1|  inches, 
and  the  rolls  to  crush  to  about  16  mm.,  or  |  inch.  Of  the  material 
passing  through  the  rolls  at  any  time,  about  one-third  is  too  coarse 
to  pass  through  the  screen,  consequently  the  ore  passes  through  the 
rolls  one  and  a  half  times.  While  the  perforations  of  the  screens 
are  6  mm.  in  diameter,  not  more  than  2  per  cent,  of  the  screened 
product  is  coarser  than  4  mm. 

The  crushers  are  fed  by  hand,  one  man  to  each  machine.  Care 
is  taken  to  have  the  feeding  regular,  as  on  this  depends  the  amount 
of  material  going  over  the  jigs,  tables,  etc.,  which  must  be  kept  uni- 
form. 

Some  interesting  data  were  obtained  as  to  the  fineness  of  the  ore 
at  different  stages  of  crushing,  samples  having  been  sifted  through 
sieves  of  different  mesh  and  the  percentage  of  each  size  computed. 


Size. 

Average 
of  Ore 
from 
Mine. 

Product  of  Blake 
Crusher,  crushing. 

Product 

of 
Rolls. 

Screened 

Ore. 
(Average.) 

Rich 
Lumps. 

Lean 
Nut  Ore. 

Above  38  mm 

61.3 
23.2 
7.5 
4.9 
1.6 
1.5 

16  mm.  to  38  mm 

67.7 
20.7 

8.6 
.8 

2.2 

75.2 
18.9 

4.4 
.4 

1.1 

4  mm.  to  16  mm 

35.2 

i  64.8 

2.0 
41.0 
27.0 
30.0 

1  mm.  to  4  mm 

^  mm.  to  1  ram 

Below  i  mm 

100.0 

100.0 

100.0 

100.0 

100.0 
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It  will  be  seen  that  of  the  ore  coming  from  the  mine,  nearly  40 
per  cent,  is  as  fine  as  if  it  had  passed  through  thejaw-crushers,  15.5  per 
cent,  is  as  fine  as  though  it  had  passed  through  the  rolls,  and  8  per 
cent,  is  fine  enough  for  the  jigs.  This  latter  portion  is  very  rich, 
containing  over  20  per  cent,  of  lead,  while  the  average  richness  of 
the  ore  is  about  8  per  cent. 

Two  experiments  were  made  with  the  Blake  crusher ;  the  first  with 
large  lumps  of  rich  ore,  the  crushing  of  which  should  give  a  maxi- 
mum of  fine  stuif;  and  the  second  with  small  pieces  of  lean  ore, 
which  should  yield  a  minimum  of  fine  stuff.  The  jaws  were  set  to 
crush  to  38  mm.  or  I J  inches.  About  one-third  the  product  in  first 
case,  and  one-quarter  in  the  other  was  as  fine  as  though  it  had  passed 
through  the  rolls.  But  little  fine  stuff,  less  than  1  mm.,  was  made 
in  either  case. 

The  figures  in  the  last  column  show  the  average  composition  of 
the  crushed  ore  after  it  has  passed  through  the  6  mm.  screen,  and 
as  it  goes  to  the  jigs.  It  will  be  seen  that  the  rolls  produce  a  large 
proportion  of  fine  stuff.  The  losses  in  the  treatment  of  this  fine 
stuff  are  very  great.  Its  production  could,  perhaps,  be  lessened 
somewhat  by  some  changes  in  the  arrangement  of  the  crushing-ma- 
chinery, but  it  is  evident  that  some  better  form  of  crushing-apparatus 
than  rolls,  is  urgently  needed  for  such  fine  comminution  as  is  re- 
quired at  these  works. 

Of  the  30  per  cent,  of  stuff,  less  than  ^  mm.,  there  is  produced: 

In  the  mine, 1.6  per  cent. 

By  the  crusher, 8  per  cent. 

By  the  rolls, 27.6  per  cent. 

Total  (as  above), 30.0  per  cent. 

The  experiment  of  using  coarser  screens  than  6  mm.  has  been  tried 
without  success,  the  losses  from  included  mineral  being  much  larger. 
It  is  proposed  to  make  a  trial  of  other  forms  of  crushing-apparatus, 
the  results  of  which  will  be  of  great  interest.  Since  a  ma- 
chine for  fine  crushing,  that  will  produce  a  minimum  of  slime,  of 
large  capacity  and  economical,  is  much  needed,  a  promising  field  is 
open  to  inventors. 

In  crushing  224,203  tons  of  rock  in  1886-1887,  an  average  of  8 
sets  of  crushing  apparatus  being  in  operation,  the  following  new 
parts  were  required: 
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For  the  crushers.: 

12  levers  at  $25.00, $300.00 

.  1.39.50 

.  144.00 

.  247.80 


9  jaw-plates  at  $15.50,  . 
12jaw  plates  at  $12.00,  . 
Toggles,  clieck-plates  and  siiiichies, 

Total, 


$831.30 


or  an  average  of  about  $100  for  each  crusher.  This  does  not 
include  the  cost  of  babbitting  tlie  bearings  nor  labor  in  making 
repairs. 

For  tlie  rolls: 

7  pairs  tires  at  $120.00, $840.00 

Gear-wheels  and  pinions, 335.00 


Total, $1175.00 

or  about  $147  for  each  pair  of  rolls.  The  tires  of  the  rolls  used  for 
coarse  crushing  are  not  turned  when  worn,  but  are  replaced  by  new 
ones.     The  tires  of  the  fine  rolls  are  kept  in  good  condition. 

For  the  screens,  21  sets  of  perforated  plates  @  $60.75,  equal  to 
$1275.75,  were  required,  or  an  average  of  2.6  sets  per  year  for  each 
screen. 

The  average  life  of  the  wearing  parts  of  a  jaw-crusher  is  there- 
fore about  8  months ;  each  set  of  chilled  tires  on  the  rolls  lasts 
about  a  year ;  and  a  set  of  screen  plates  about  4  mouths. 

Centrifugal  Pumps. 

The  centrifugal  pumps,  used  for  elevating  water  and  sand  together, 
are  made  under  the  Heald  &  Cisco  patents,  by  the  Morris  Machine 
AVorks,  Baldwinsville,  New  York.  They  are  made  somewhat  heavier 
than  for  ordinary  work,  the  metal  in  the  fan,  for  example,  being  |- 
inch  thick.  No  attempt  is  made  to  repair  the  pumps.  Usually 
the  fan  and  shell  are  worn  out  in  about  the  same  time.  The  work 
of  replacing  an  old  pump  by  a  new  one  takes  an  hour  to  an 
hour  and  a  half  When  the  centrifugal  pumps  were  first  used  for 
pumping  coarse  sands,  a  new  pump  lasted  about  three  weeks,  but 
by  increasing  the  thickness  of  the  wearing  parts  the  life  has  been 
prolonged.  It  is  possible  that  by  lining  the  pumps  with  rubber,  as 
is  sometimes  done  in  the  case  of  centrifugal  machines  used  for  dredg- 
ing, the  pumps  might  be  made  still  more  durable.  The  average 
life  of  one  these  pumps  is  100  days. 

The  smaller  pumps  (3-inch)  used  for  elevating  the  fine  sands  and 
slimes  last  much  longer. 
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An  incidental  advantage  from  the  use  of  centrifugal  pumps  is  the 
very  thorough  mixing  of  water  and  sand,  a  matter  of  some  impor- 
tance, because  the  ore  is  crushed  and  screened  dry  and  only  mixed 
with  M^ater  just  before  entering  the  pump.  By  this  thorough  mixing 
the  percentage  of  float-mineral  is  undoubtedly  diminished. 

The  sand  and  water  is  conveyed  to  the  distributors  feeding  the 
jigs  by  4-ineh  extra-heavy  gas-pipe,  which  lasts  about  two  years. 
Any  change  in  direction  is  made  by  bending  the  pipe  with  as  long 
and  gentle  a  curvature  as  possible.  The  3-inch  pipes,  conveying  tiie 
fine  sands  and  slimes,  have  been  in  use  over  four  years,  or  since  the 
building  of  the  new  mill,  and  are  apparently  still  in  good  condition. 

The  Parsons  Feeder. 

A  simple  and  effective  device,  shown  on  Plates  IV.  and  V.,  is  used 
to  subdivide  the  sands  or  slimes,  elevated  by  a  single  pump,  among  a 
number  of  machines,  jigs  or  tables.  A  satisfactory  method  of  doing 
this,  so  as  to  secure  an  equal  and  uniform  distribution,  without  any 
concentration  or  classification  of  the  sands  on  one  machine  at  the 
expense  of  the  others,  has  been  for  a  long  time  a  great  desideratum 
in  dressing  works.  The  ingenuity  of  Mr.  Parsons  has  furnished 
a  very  satisfactory  solution  of  this  difficult  problem.  The  feeder  or 
distributor  is  a  casting  at  the  top  of  the  pipe  from  the  centrifugal 
pump,  divided  by  partitions  into  a  number  of  radial  boxes,  which 
surround  the  delivery  pipe  and  are  connected  therewith,  by  vertical 
slots  of  uniform  size.  By  increasing  the  number  of  radial  partitions 
the  streams  of  sand  or  slime  can  be  subdivided  to  any  desired  ex- 
tent. From  the  bottom  of  each  of  these  boxes  a  pipe  conveys  the 
sand  or  slime  to  the  jig  or  table. 

When  it  is  necessary  to  shut  off  the  supply  temporarily  from  one 
jig  or  table,  its  box  in  the  distributor  is  filled  and  the  opening  closed 
with  a  piece  of  cloth,  which  for  convenience  in  handling,  is  fastened 
to  an  iron  rod  with  a  loop-shaped  handle.  The  distributors  are 
made  of  cast  iron,  and  are  quite  durable.  Those  now  in  use  have 
required  no  repairs  since  the  mill  was  built,  4J  years  ago.  The 
pipes  leading  from  the  distributors  to  the  jigs  must  be  renewed 
occasionally. 

Roughing- Jigs. 

Plate  IV.  shows  the  details  of  the  Parsons  jig,  used  for  the  pre- 
liminary jigging.  It  is  a  two-sieve  under-piston  jig,  each  sieve  24" 
X  39"  (or  22"  x  37"  in  the  clear.)     The  piston  is  vertical,  15|" 
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in  clinineter,  and  moves  in  a  short  horizontal  cvlinder,  4},"  King,  in 
the  partition  between  the  twojig-boxes.  The  piston-rod  is  horizontal 
and  enters  through  a  stuOlng-box.  For  convenienee  the  jigs  are 
made  double,  i.e.,  four  sieves  or  two  jigs,  are  united  in  one  machine. 
One  great  advantage  of  this  ibrm  of  jig  is  the  small  floor  space 
occupied  by  a  large  number  of  machines,  the  whole  area  of  the  jig- 
box  being  available  for  jiggiug.  The  stroke  of  the  })iston  is  2 
inches,  and  the  number  of  strokes  per  minute  one  hundred  and 
fifty.  Tiie  quantity  of  under-water  required  is  about  two  cubic  feet 
or  16  gallons  per  minute.  The  consumption  of  feed-water  is  16 
to  18  gallons  per  minute,  containing  about  13  pounds  of  sand 
(dry  weight).  There  are  nine  jigs,  4|  machines,  for  each  set  of 
crushing  apparatus.  Each  jig  treats,  therefore,  about  9  tons  per  24 
hours,  or  less  than  one-third  the  capacity  of  a  jig  of  equal  area  ac- 
cording to  data  given  by  llittinger,  so  that  the  mill  has  ample  jig 
capacity. 

In  the  Lake  Superior  copper  mills  the  tendency,  of  late  years,  has 
been  to  increase  largely  the  number  of  jigs,  in  the  attempt  to  lessen 
the  losses  in  the  tailings.  The  St.  Joe  mill  has,  however,  a  larger 
jig  capacity,  in  proportion  to  the  rock  crushed,  than  any  of  the  Lake 
Superior  mills.  For  the  treatment  of  800  tons  of  material  per  24 
hours  there  are  252  jig-sieves.  The  best  equipped  mill  in  the  Lake 
Superior  region  would  have  on  the  same  basis,  but '224  sieves. 
The  rough  sands  at  the  St.  Joe  mill  are  divided  between  90  sieves, 
or  9  tons  per  24  hours  to  each.  In  the  Lake  Superior  mill 
alluded  to  there  would  be  but  60  sieves  for  the  same  mill  capacity. 
At  Lake  Superior,  how'ever,  about  45  per  cent,  of  the  ore  is  sepa- 
rated in  the  classifiers  as  slime,  and  goes  directly  to  the  tables. 
This  reduces  the  average  amount  of  sand  treated  on  each  jig  to 
7J  tons  per  24  hours.  On  the  other  hand,  the  sands  are  very 
unequally  divided,  so  that  some  of  the  jigs  treat  over  10  tons  per  24 
hours,  and  others  as  little  as  5  tons.  These  latter  jigs  treat  very 
fine  stuff,  and  at  5  tons  per  24  hours  are  really  worked  to  their  full 
capacity.  The  loss  on  these  jigs  is  fully  as  large  as  on  the  coarse 
jigs,  notwithstanding  the  greater  fineness  of  the  material,  and  the 
smaller  quantity  of  included  copper  present. 

Experiments  made  by  the  writer,  about  two  years  ago,  at  one 
of  the  Lalce  Superior  mills,  seemed  to  indicate  that  the  capacity 
of  the  mill  could  be  increased  fully  50  per  cent.,  and  this  without 
increasing  the  losses,  simply  by  making  but  two  grades  of  sand  in 
the  classifiers  instead  of  i'our.  The  practice  at  the  St.  Joe  mill,  where 
no  attempt  is  made  to  classify  the  material  before  jigging,  and  where. 
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consequently,  sands  and  slimes  are  treated  together  on  the  same 
jigs,  represents  a  farther  and  extreme  step  in  the  same  direction. 
The  results  obtained  by  this  novel  procedure  are  opposed  to  our 
preconceived  ideas  and  accepted  theories  on  the  subject  of  jigging, 
and  the  St.  Joe  practice  is  certain  to  have  important  influence  in 
modifying  jigging  methods  in  the  future.  The  results  obtained,  it 
is  true,  are  not  wholly  satisfactory,  the  loss  of  galena  in  the  very 
finest  slimes  being  large.  In  other  respects,  however,  the  method 
has  many  advantages,  and  the  loss  in  the  fine  stuif  can  be  brought 
within  reasonable  limits  by  simple  modifications  in  the  methods  of 
treatment,  which  will  be  discussed  further  on. 

During  the  past  year  the  writer  has  had  the  opportunity  of  study- 
ing very  carefully  the  working  of  these  jigs.  A  large  number  of 
samples  w^ere  taken,  and  several  hundred  assays  made  under  his 
direction.  In  order  to  determine  the  action  of  the  jigs  on  the  coarse 
and  fine  grades  of  sand  and  slime,  samples  of  the  material  treated, 
of  the  tailings,  and  of  the  hutchwork  were  subdivided  by  sifting, 
and  the  different  portions  assayed  separately.  From  the  results 
of  the  sifting  also  and  from  other  data,  it  was  possible  to  estimate 
the  proportion  of  sand  and  slime  of  different  grades  passing  through 
the  jig-sieves  into  the  hutchwork,  and  the  proportion  of  each  size 
which  passed  over  the  sieve  and  into  the  tailings  under  different 
conditions. 

The  following  table  contains  typical  assays  of  the  material  treated 
and  of  the  products  of  jigging  : 


From  the  assays  of  the  different  portions  of  the  ore  it  will  be  seen 
that  the  stuff  less  than  ^  mm.  is  richer  than  the  average,  while  the 
portions  coarser  than  I  mm.  are  poorer.  This  is  due  to  the  friability 
of  the  galena,  which  is  crushed  finer  than  the  gangue. 

The  hutchwork  is  quite  poor,  containing  but  22.3  per  cent,  of 
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lead.  Tliis  is  due  to  tlie  large  proportion  of  partially  concentrated 
fine  stuff,  less  than  ^  mm.,  about  two-thirds  of  which  passes  into 
the  huichwork.  This  fine  stuff  is  separated  by  the  trunking-ma- 
chine  and  the  pointed-boxes,  and  concentrated  on  the  finishing-jigs 
and  tables. 

The  assays  of  the  several  portions  of  the  jig-tailings  show  very 
closely  the  limits  within  which  the  jigs  are  doing  good  work.  It 
will  be  seen  that  the  amount  of  lead  in  the  tailings  decreases  with 
the  fineness  of  the  sands  down  to  ^  mm.  A  careful  examination 
of  these  coarser  sands  will  fail  to  show  any  free  mineral,  the  lead 
being  present  as  included  galena.  The  finer  the  comminution  the 
smaller  the  amount  of  such  included  mineral,  and  consequently  the 
poorer  the  sands.  Below  J  mm.  the  tailings  increase  in  richness, 
which  is  due  to  the  presence  of  free  galena.  The  loss  from  this 
cause  is  not  serious,  save  in  the  portion  finer  than  2V  'i^m- 

It  will  be  seen  that  the  plan  of  jigging  sands  and  slimes  together, 
makes  it  possible  to  treat  very  much  finer  material  with  success  than 
has  heretofore  been  supposed  possible.  The  limit  for  successful 
work  on  jigs  is  generally  placed  at  about  1  mm.  The  successful 
jigging  of  stuff  I  ram.  and  less,  marks  a  decided  advance  in  the  art 
of  dressing.  The  coarse  grains  form  the  interstitial  channels*  in 
which  this  very  fine  stuff  can  be  concentrated.  It  is  well  known 
that  any  attempt  to  treat  stuff  finer  than  1  mm.  by  itself  results 
in  a  very  imperfect  working  of  the  jigs,  the  losses  being  large,  and 
the  capacity  of  the  jigs  small. 

The  great  advantage  of  this  system  of  jigging  is  the  large  pro- 
portion of  sands  successfully  treated  and  finally  disposed  of  by 
the  roughing-jigs  alone.  Out  of  800  tons  per  day,  only  136  tons 
require  further  treatment,  viz.,  30  tons  raggings,  crushed  and  treated 
on  the  three-sieve  jigs,  66  tons  fine  sand,  also  treated  on  three-sieve 
jio-s,  and  40  tons  of  slimes  treated  on  the  side-bump  tables. 

The  sole  disadvantage  lies  in  the  difficulty  of  forcing  all  the  very 
finest  slimes  to  go  through  the  jig-sieves.  Under  normal  conditions 
about  40  per  cent,  of  the  stuff  below  ^^  mm.  passes  off  with  the 
tailings.  Even  this  very  fine  stuff  is  somewhat  impoverished  by  the 
action  of  the  jigs,  and  of  that  which  escapes,  a  very  large  proportion 
is  too  fine  to  be  saved  by  any  form  of  apparatus,  so  that  the  final 
loss  from  this  cause  is  not  as  serious  as  might  at  first  appear. 

■*  "Movement  of  Solid  Bodies  in  Water,"  "Theory  of  Jigging,"  by  tiie  writer. 
See  School  of  Mines  Quarterly,  vol.  ix.,  Nos.  2  and  3.  See  also  the  writer's  paper, 
immediately  preceding  this  in  the  present  volume. 
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The  jigs  are  run  with  a  long  stroke,  and  with  as  little  feed- water 
and  under-water  as  possible,  in  order  to  carry  the  larger  proportion 
of  the  fine  stuiF  through  the  jig-sieve. 

It  is  possible,  by  lessening  the  amount  of  feed-water  and  under- 
water, to  cause  a  still  larger  proportion  of  fine  stuff  to  pass  through 
the  jig-sieve,  but  at  the  expense  of  forcing  through,  at  the  same  time, 
much  coarser  material,  and  thus  sending  to  the  finishing-jigs  mate- 
rial that  can  be  treated  successfully  on  the  roughing-jigs.  The  fol- 
lowing table  shows  the  effect  of  reducing  the  amount  of  water  used 
in  jigging,  the  percentages  of  hutchwork  and  tailings  with  the 
normal  and  with  reduced  quantities  of  feed-water  and  under-water 
being  placed  side  by  side  for  the  different  sizes : 


Above  %  mm. 

J  to  },i  mm. 

j'ij  to  i,  mm. 

Below  j's  mm. 

Normal.  Reduced 

Normal. 

Reduced 

Normal. 

Reduced 

Normal. 

Reduced 

Hutchwork ... 
Tailings 

26           39 

74           61 

68 
32 

94 
6 

67 
33 

93 

7 

60 
40 

83 
17 

100 

100 

100 

100 

100 

100 

100 

100 

It  will  be  seen  that  in  each  case  the  maximum  percentages  of 
sand  pass  through  the  sieve  between  ^V  and  \  mm.,  and  between  \ 
and  \  mm.  This  indicates  that  the  grain  of  maximum  velocity  is 
about  ^  mm.  in  size.  This  agrees  closely  with  the  size  called  for  by 
theory.  The  theoretical  limit'*'  of  successful  work  on  these  jigs  is 
therefore  about  yg  mm. 

It  would  be  possible  to  classify  the  sands  before  jigging  and  to 
send  all  this  fine  stuff  directly  to  the  tables.  This  would  necessi- 
tate the  use  of  a  large  volume  of  water  to  effect  the  classification 
and  would  involve  a  large  increase  in  the  number  of  slime-tables. 

Experiments  are  now  being  made,  with  every  prospect  of  success, 
to  reduce  the  loss  in  this  very  fine  material,  without  sacrificing  the 
advantages  of  the  present  method  of  treatment. 

Spitzhasten. 
The  hutchwork   of  the  roughing-jigs  goes   through  a  series  of 
spitzkasten,  respectively  1|  x  7J  feet,  4x6J  feet,  8  xl2  feet  and  8x 
12  feet  in  horizontal   cross-section,  and   2  feet,  7   feet  and   10  feet 


*  Loc.  cii. 
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deep.     Tlic^e  boxes  are  built  between  the  post.s  supporting  tlie  main 
floor  of  the  mill.     Their  jwsition  is  indicated  in  Plates  I.  and  II. 

Trunking- Machine. 

The  material  settling  in  the  first  box  goes  to  the  trunking-machine. 
This  machine  consists  of  a  semi-cylindrical  iron  trough  in  which 
revolves  a  screw  conveyer.  The  trough  is  divided  into  two  sections, 
respectively  14  feet  and  10  feet  in  length.  The  screw  conveyer  in 
the  lower  and  longer  section  is  made  up  of  fan-shaped  blades  of  cast- 
iron,  about  4|  inches  wide,  with  a  space  of  about  2  inches  between 
them,  breaking  the  continuity  of  the  screw.  The  material  to  be 
treated  flows  through  rubber  hose  from  the  settling-box  into  this 
trough ;  being  introduced  about  midway.  The  revolution  of  the 
shaft  ft)rces  the  galena  toward  the  upper  end.  The  water  flows  out 
at  the  lower  end  of  the  trough,  carrying  with  it  all  the  light  sand. 
Wash-water  is  admitted  through  a  line  of  spigots  at  the  side  of  the 
trough.  The  upper  section  of  the  trough  simply  serves  to  convey 
the  galena  into  the  car. 

Mineral  coarser  than  ^  mm.  or  f  mm.  is  very  perfectly  concen- 
trated by  this  machine  and  delivered  to  the  car  as  nearly  pure  galena. 
Mineral  finer  than  J  mm,  is  carried  off  in  the  tails.  The  tailings 
rom  this  machine  are  united  with  the  product  of  the  second  box  of 
the  spitzkastenaud  go  to  the  three-sieve  finishing-jigs. 

Finishing -Jigs. 

The  three-sieve  Hartz  jigs  used  as  finishing-jigs,  as  well  as  for  the 
treatment  of  the  crushed  raggings,  are  of  the  ordinary  side-piston 
type,  and  are  not  figured.  They  do  not  require  special  description. 
They  are  run  at  a  speed  of  270  strokes  per  minute;  strokes  ^  inch 
in  length.  The  jigs  treating  crushed  raggings  are  run  slower,  210 
strokes,  f  inch  long,  per  minute.  The  jig-sieves  are  of  No.  8  wire 
cloth  (No,  17  wire). 

The  following  table  gives  the  results  of  typical  assays  on  samples 
subdivided  by  sifting : 


Size. 

Per  cent 

of  sand 

of  ^iveu 

size. 

Lead  in 

sand.s  ■ 

treated. 

Per  cent. 

Lead  in  Hutchwork. 

Lead  in 
tailings. 
Per  cent. 

1st  sieve. 
Per  cent. 

2d  sieve. 
Per  cent. 

3d  sieve. 
Per  cent. 

Above  \  mm 

8.9 
43.6 
13.3 
34.2 

40  99       1 

1 
^70.34 

1 

.41.80 

3.94 

1.02 

.62 

11.97 

^  mm.  to  \  mm 

5^5  mm.  to  J  mm 

Below  ^}(j  mm 

16.76 
16.40 
32.58 

!-  79.69 

i 

Average 

100.0 

24.75 

Average  three  sieves.  74.00 

5.24 
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The  material  treated  on  the  finishing-jigs  is  very  rich,  containing 
about  25  per  cent,  of  lead,  and  the  losses  are  quite  large.  The 
material  treated  is  also  very  fine,  over  90  per  cent,  being  less 
than  ^  mm.  The  losses  are  confined  to  the  stuif  below  2V  mm-; 
above  that  limit  the  tailings  are  poor,  with  the  exception  of  the 
stuff  above  ^  mm.,  the  quantity  of  which  is  small  (about  3  per  cent, 
of  the  tails).  It  will  be  seen  that  these  jigs  treat  successfully  finer 
stuff  than  the  roughing-jigs,  probably  because  of  the  finer  jig-cloth 
and  smaller  interstitial  channels.  It  is  proposed  to  treat  the  tailings 
of  these  jigs,  or  at  least  the  finer  portions  of  the  tails,  on  round  or 
side-bump  tables. 

Parsons-Rittinger  Tables. 

The  Rittinger  side-bump  table,  as  modified  by  Mr.  Parsons,  is 
shown  in  detail  on  Plate  V.  The  tables  are  built  in  pairs,  and  each 
table  is  made  double  as  usual.  They  are  small,  each  half  the  double 
table  being  about  3  feet  by  7J  feet.  Instead  of  being  hung  from 
rods  the  table  is  supported  on  four  cast-iron  feet  or  "guides,"  which 
slide  on  horizontal  steel  rods.  The  latter  rest  in  cast-iron  "sad- 
dles," bolted  to  the  heavy  sill-timbers  which  run  under  the  whole  row 
of  tables.  Light  spiral  steel  springs  around  two  of  these  rods  give 
motion  to  the  table.  The  tables  bump  against  each  other,  the  blow 
being  taken  by  a  joist  of  hard  wood  lying  loose  between  them  (not 
shown  in  the  drawing).  The  tables  are  forced  apart,  against  the  ten- 
sion of  the  springs,  by  a  spiral  wedge-sliaped  cam;  150  bumps,  f 
inch  long,  are  given  per  minute. 

The  surface  of  the  table  is  covered  with  the  black  enameled  duck, 
sometimes  used  for  desks.  This  covering  is  cheap  and  easily  re- 
newed, and  furnishes  a  surface  well  adapted  for  the  exceedingly  fine 
material  treated.  The  tables  are  inclined  4|°.  There  are  16  pairs 
of  double  tables  in  the  mill,  or  64  tables  in  all.  Of  these,  32  are 
head  tables  and  32  are  used  for  treating  middlings.  They  are 
not  worked  to  their  full  capacity,  the  head  tables  treating  but  1^  tons 
each,  or  2|  tons  to  the  double  tables  per  twenty-four  hours.  The 
material  treated  is  exceedingly  fine,  70  per  cent,  being  less  than  -^ 
mm. 

The  following  are  typical  assays  of  the  stuff  treated  and  the 
resulting  tailings.  The  samples,  as  before,  were  subdivided  by 
siftino;. 
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Size. 

PercontaKC  of 

sand  of  given 

size. 

Percentage  of 

Lead  in  stuff 

treated. 

Percentage  of 
Lead  in  tailings. 

^  mil),  to  }  mm 

9.0 
19.4 
71.6 

2.50 

2.65 

15.52 

.82 

.40 

2.74 

fvV  mm.  to  J  mm 

Below  ijV  mm 

A  verage 

100.0 

11.75 

2.45 

Loss  in  Dressing. 
For  the  year  ending  May  1st,  1887,  tlie  yield  of  the  ore  treated  was 
5.65  percent.  The  loss  in  the  tailings  is  about  2.13  per  cent.,  or 
27.4  per  cent,  of  the  total  amount  of  lead  in  the  ore.  The  losses  in 
the  Lake  Superior  copper  mills  range  from  28.5  per  cent,  to  31  per 
cent.,  treating  material  much  more  easily  saved  than  this  galena. 
The  losses  in  each  case  are  due  to  included  mineral  in  the  coarser 
sands,  and  to  finely  divided  mineral  in  the  very  fine  slimes.  At 
Bunne  Terre  an  unusually  large  part  of  the  mineral  exists  in  the 
ore  in  an  exceedingly  fine  state  of  division,  as  is  shown  by  the  large 
percentage  of  included  mineral  in  stuif  as  fine  as  jVj  \  ^"^l  \  "^'^i- 
This  necessitates  very  fine  crushing,  and  consequently  involves  the 
production  of  a  large  amount  of  very  fine  stuff,  much  of  which 
contains  galena  too  fine  to  be  saved. 

Cost  of  Dressing. 
The   cost  of  dressing  for  the  fiscal  year  ending  May  1st,  1887, 
was  36.4  cents  per  ton,  divided  as  follows : 


Labor, 13.4 

Repairs, 10.0 

Supplies, 3.5 

Coal, 9.5 

3ii.4 
This  compares  favorably  with  the  very  best  Lake  Superior  prac- 
tice, the  cost  of  dressing  at  the  Atlantic  mill  for  the  last  few  years 
being  per  ton  of  rock  : 


1881, 
1882, 
1883, 
1884, 
1885, 
1886, 
1887, 


Centa. 

42.54 

37.07 

35.35 

38.95 

30.36 

26.5 

27.5 


E— .1  ^t«M 


Pump 


Hq3»Ol,.T2 
ttan  JMH3M32 

1? 1 


T^' — """^ 


in 


IIOOJ-^  n3<?<?;. 


3R3JJOR    TAHO  O'  MDTAH 


E 


-_£. 
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The  cost  at  the  Atlantic  mill  (for  1885)  can  be  subdivided  as 
follows : 

Cents. 

Labor 10.86 

Fuel •         .        .        .     14.52 

Supplies,  etc.,  4.98 

30.36 

At  the  Atlantic  mill,  the  water  is  supplied  through  a  launder 
above  the  level  of  the  mill-floor  and  is  not  pumped.  The  ore  also  is 
delivered  to  the  mill  at  a  higher  level  than  at  Bonne  Terre  and  need 
not  be  elevated  in  the  mill.  This  rock  has  also  been  previously 
crushed  by  jaw-crushers  at  the  rock-house,  the  cost  of  which  crush- 
ing properly  belongs  to  the  cost  of  dressing,  but  is  not  included  in 
the  published  figures.  Finally,  the  sands  are  carried  off  with  the 
water  in  the  waste  launders  and  do  not  have  to  be  loaded  into 
cars.  At  least  ten  cents  per  ton,  therefore,  should  be  added  to  the 
Atlantic  mill  figures  in  making  comparisons  of  cost  at  the  two  places. 

The  amount  of  rock  treated  per  ton  of  coal  consumed  is  as 
follows : 

St.  Joseph  mill,  1887, 33.59  tons. 

Atlantic  mill,  1886 28.34  tons. 

The  advantage  in  favor  of  the  St.  Joseph  mill  would  be  even  more 
striking  if  an  allowance  were  made  for  the  fuel  consumed  in  elevating 
water  and  ore. 

The  limestone  crushed  at  Bonne  Terre  is  probably  not  as  hard  as 
the  amygdaloid  rock  treated  at  the  Atlantic  mill.  Somewhat  finer 
screens  are  used  at  the  Atlantic  mill,  but  the  average  fineness  of  the 
ore  is  almost  exactly  the  same. 

(1887).  (1886). 

St.  Joseph  mill.  Atlantic  mill. 

(RoUs).  (Stamps). 

Above  1mm.,       .......    43.0  41.6 

i  to  1  mm., 27.0  27.6 

Below  i  mm., 30.0  30.8 

100.0  100.0 

These  figures  indicate  that  it  is  cheaper  to  crush  by  rolls  than  by 
steam-stamps ;  and  that  the  rolls  produce  quite  as  large  a  propor- 
tion of  slimes  as  the  stamps.  The  cheapness  of  the  crushing  and 
the  large  amount  of  slime,  however,  are  both  due  in  part  to  the 
friability  of  the  ore. 

It  will  be  difficult  to  find  two  mills,  either  in  this  country  or 
abroad,  treating  ore  at  equally  low  cost;  and  the  above  figures 
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furnisli  a  powerful  iirf^unient  for  (he  English  method  of  concentrating 
without  size  classification. 

The  losses  in  the  treatment  of  the  very  fine  stuff  are  large  both  at 
Lake  Superior  and  in  Missouri.  The  remedy  in  each  case  will 
doubtless  be  found  in  better  methods  of  crushing  and  in  extending 
and  j)erfecting  the  slime-treatment. 


A  NOTE  UPON  A  MODIFICATION  OF  THE  BEDUCINO  PRO- 
CESS USED  BY  THE  CARBON  IRON  COMPANY. 

BY    ALFRED  E.    HUNT,    PITTSBURGH,  PA. 

In  a  paper  written  for  the  Boston  meeting  of  February,  1888 
{Trans.,  xvi.,  693),  on  "Some  Recent  Improvements  in  Open- 
Hearth  Steel  Practice,"  the  writer  described  the  reducing  agent  used 
by  the  Carbon  Iron  Company  as  "a  peculiar  graphite  from  Cranston, 
near  Providence,  R.  I." 

Upon  an  application  pending  at  that  time,  a  patent  has  since  been 
issued  as  number  259,795,  to  Mr.  Matthew  Graff,  for  the  use  of 
solid  carbonaceous  matter  in  the  form  of  coke,  charcoal,  gas  carbon, 
bituminous  or  anthracite  coal,  ground  to  the  size  of  coarse  sand 
and  then  coated  with  a  wash  of  lime,  magnesia,  clay,  or  other  ma- 
terial of  a  like  character,  as  an  agent  to  reduce  metallic  oxides. 
An  amount  of  this  prepared  carbonaceous  matter  equal  to  from  25 
to  30  per  cent,  of  the  weight  of  the  ore  treated  is  required  to  per- 
form the  complete  reduction.  The  idea  is  that  the  carbonaceous 
matter  is  protected  against  rapid  combustion  by  a  suitable  coating 
of  some  inert  material,  so  that,  in  effect,  its  action  as  a  reducing 
agent  will  be  similar  to  that  of  the  Cranston  graphite  previously 
used,  allowing  the  solid  carbon  to  remain  without  comb usf ion  in  inti- 
mate mixture  with  the  iron  oxide  at  a  temperature  sufficiently  high 
to  reduce  the  ore  and  in  some  cases  to  melt  the  matrix  in  which  the 
iron  is  held. 

In  the  present  practice  of  the  Carbon  Iron  Company,  the  use  of 
graphite,  except  for  the  formation  of  bottoms  of  the  reverberatory 
furnaces  in  which  the  reduction  is  performed,  has  been  entirely 
abandoned,  and  "  retarded  coke,"  as  it  is  called  at  the  works,  has 
taken  its  place.  Five  hundred  and  fifty  pounds  of  Connellsville 
coke  is  ground  in  a  pan  to  16-mesh  fineness,  or  is  taken  in  the  form 
of  ordinary  coke-dust,  and  made  into  a  hollow  basin  on  the  mixing- 
floor;  and  seven  bucketfuls  of  a  wash  composed  of  equal  parts  of 
lime  and  fire-clay,  mixed  in  water  to  the  consistency  of  thin  cream, 
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re  added .  Each  bucketful  ordinarily  contains  about  one-half  pound 
each  of  lime  and  fire-clay.  The  coating  of  the  carbon  is  accomplished 
by  mixing  with  shovels.  The  furnace-charge  of  2240  ])ounds  of 
ground  and  moistened  ore  is  laid  on  the  floor  in  a  layer  about  three 
inches  deep ;  the  "  retarded  coke  "  is  strewn  over  the  top  of  it,  and 
the  whole  mass,  having  been  well  mixed  with  shovels,  is  then  ready 
for  charging.  The  average  yield  from  2240  pounds  of  the  ore  now 
used  (containing  65  per  cent,  metallic  iron)  is  as  follows,  according  to 
its  form  as  sponge,  blooms,  or  muck-bar: 

Pounds. 
Sponge,  to  be  melted  directly  in  the  open-hearth  furnaces,     .         1550 
Squeezed  sponge-blooms,  of  about  6  in.  diameter,            .         .         1160 
Muck-bar,  3^  xf  in., 1000 

The  following  are  average  analyses  made  by  the  Pittsburgh  Testing 
Laboratory  of  the  squeezed  blooms  and  of  the  muck-bar  produced 
by  the  Carbon  Iron  Company,  using  "Minnesota  Y"  ore: 

Squeezed  Blooms.       Muck-Bar. 

Metallic  Iron, 

Silica, 

Phosphorus, 

Sulphur,       ..... 
Combined  carbon,         .... 

In  the  open-hearth  practice  of  this  company,  owing  to  the  present 
lack  of  ore-grinding  capacity,  only  50  per  cent,  of  the  sponge-blooms 
are  used,  together  with  10  per  cent,  of  pit-  and  shear-scrap  and  40 
per  cent,  of  pig-metal.  With  such  charges,  reckoning  the  65  per 
cent,  of  iron  in  the  ore  added  to  make  the  sponge-blooms,  and  the 
scrap  and  pig  as  being  all  metallic  iron  (as  is  done  in  ordinary  open- 
hearth  loss  calculations),  the  average  loss  for  over  six  months'  run- 
ning in  the  two  fifteen-ton  open-hearth  furnaces,  now  in  constant 
operation,  is  less  than  13  per  cent,  from  ore  to  steel  ingots. 

The  following  are  results  of  tests  made  upon  structural  steel  plates 
rolled  from  the  ingots  made  at  these  works  : 

Carbon.    Manganese.    Elastic  Limit.    Ultimate  Strength.    Elongation  in  8".    Reduction. 


Per  cent. 

Per  cent. 

98.47 

99.020 

0.94 

0.560 

0.020 

0.015 

0.021 

0.010 

0.150 

0.100 

Per  cent. 

Per  cent. 

Lbs.  per  sq.  in. 

Lbs.  per  sq.in. 

Per  cent. 

Per  cent. 

0.12 

0.35 

34,000 

50,000 

30 

65 

0.14 

0.35 

36,000 

55,000 

28 

62 

0.18 

0.35 

40,000 

60,000 

26 

56 

0.22 

0.35 

44,000 

65,000      • 

25 

50 

0.25 

0.35 

48,000 

70,000 

23 

46 

0.30 

0.35 

50,000 

75,000 

22 

42 

0.35 

0.35 

53,000 

80,000 

20 

40 

0.40 

0.35 

56,000 

85,000 

18 

38 
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A  NEW  SYSTEM  FOB  OPEBATING  REGENERATIVE 
HO  T-BLA  STSTO  VES. 

BY  JACOB  T.  WAINWRIGIIT,  PITTSBURGH,  PA. 
(New  York  Meeting,  February,  1889.) 

As  a  means  for  increasing  the  efficiency  in  n>odern  blast-furnaces 
by  supplying  to  them  blast  of  a  much  higher  temperature  than  is 
now  possible,  the  writer  offers  as  a  suggestion  a  modification  in  the 
construction  of  regenerative  hot-blast  stoves.  Stated  briefly,  the 
plan  proposed  is  to  pre-heat  both  the  gas  and  the  air  for  its  combus- 
tion in  a  manner  similar  to  that  generally  adopted  in  Siemens  open- 
hearth  furnaces.  After  thus  carrying  the  temperature  of  the  stove 
to  a  point  much  higher  than  that  common  in  hot-blast  stoves,  the 
cold  blast  passes  through  it.  Without  entering  into  the  details  re- 
lating to  the  reversing  valves  and  the  system  of  flues,  the  general 
plan  may  be  outlined  as  follows,  referring  to  the  accompanying 
drawings:  The  valves  are  so  placed  in  heating  up  the  stove  that  the 
blast-furnace  gas  enters  at  B,  Fig.  1,  and  the  cold  air  for  combustion 
at  A.  Ascending  in  flues,  F  and  E,  respectively,  combustible  gas 
and  air  meet  and  mix  in  the  combustion-chamber,  I.  Flowing 
through  K,  they  descend  through  the  flues,  G  and  H,  escaping 
through  the  chimney.  In  this  manner  the  walls  of  the  combustion- 
chambers,  I  and  L,  are  highly  heated,  and  the  right-hand  side  of  the 
stov'e  is  carried  to  a  higher  temperature.  By  reversing  the  valves, 
blast-furnace  gas  enters  at  C  and  cold  air  for  combustion  at  D. 
Both  are  pre- heated  in  their  ascent  through  the  flues,  G  and  H.  They 
burn  in  the  combustion-chamber,  L,  and  the  hot  gases  of  combustion, 
flowing  through  K,  I,  E  and  F  to  A  and  B,  heat  the  left-hand  side 
of  the  .stove.  In  this  manner  the  stove  is  carried  to  a  temperature 
greater  than  that  of  those  now  generally  in  use,  in  which  air  and 
gas  are  burned  without  preliminary  pre-heating.  In  the  plan  pro- 
posed, that  side  of  the  stove  will,  of  course,  be  relatively  cooler 
through  which  cold  air  and  furnace-gas  last  passed  in  its  ascent  to  its 
combustion-chamber. 

After  having  sufficiently  heated  the  stove  in  the  manner  outlined, 
the  cold  blast  is  admitted  through  all  the  flues.  A,  B,  C  and  D.  It 
ascends  through  the  highly-heated  regenerative  material  to  the 
chambers  at  the  top  and  descends  through  the  flue,  P,  Fig.  2  (dotted 
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in  Fig.  1),  through  X,  Fig.  1,  through  the  open  hot-blast  valve  into 
the  cold-blast  main. 

It  may  be  urged  that  in  the  process   of  heating  up  the  stove  by 

Fig.  ]. 


Eegenerative  Hot-Blast  Stove.    Vertical  Section. 


alternately  admitting  cold  air  and   furnace-gas  at  a  relatively  1 
temperature  to  one  and  to  the  other  side  of  the  stove,  every  opera 
tion  leaves  one  side  hot  and  the  other  side  cool.     Hence,  when  the 


o\v 
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stove  is  put  in  blast,  when  the  cold  l)la.st  to  be  licated  enters,  one- 
half  of  it  ascends  througli  the  cooler  side  of  the  stove,  while  the 
other  half  flows  upward  in  the  hot  side.  The  two  halves  unite 
above,  and  the  whole  body  of  air  having  only  the  average  tempera- 
ture of  the  clu'ckor-work  of  the  two  sides,  is  heated  by  means  of  the 
intense  temperature  of  the  upj)er  part  of  the  stove. 

This  objection  would  have  much  force  if  the  cold  air  for  combus- 
tion and  the  furnace-gas  were  allowed  to  flow  through  one  side  of  the 
stove  for  any  very  considerable  time.  The  difference  in  temperature 
between  the  two  sides  of  the  stove  will  depend  upon  the  frequency 
with  which  reversing  is  resorted  to.  If  the  intervals  between  the 
reversals  are  made  short,  the  temperature  of  the  upper  part  of  the 
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Horizontal  Section. 


checker-work  on  one  side  of  the  stove  will  be  only  slightly  lower 
than  that  of  the  other.  There  are  no  serious  objections  to  reversing 
frequently.  It  does  not  cause  danger ;  no  wear  and  tear  is  in- 
curred ;  and  the  oj)erating  expenses  are  not  increased,  because  the 
time  of  the  man  employed  to  operate  the  valves  is  not  fully  occu- 
pied. 

If  it  is  desirable,  however,  to  carry  the  temperature  of  the  blast 
to  a  point  greater  than  that  obtainable  by  passing  it  through  both 
sides  of  the  stoves,  the  cold  blast  may  be  cut  off  from  the  one  side, 
allowing  it  to  flow  only  through  the  hotter  side.  On  the  whole, 
the  tendency  of  practice  in  Siemens  furnaces  has  been  to  lessen  the 
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body  of  the  checker-work,  and  shorten  the  interval  between  re- 
versals. 

It  may  be  urged,  also,  that  the  design  submitted  does  not  provide 
for  an  adequate  mass  of  material  at  the  top  of  the  stove;  that  there 
is  no  storage-capacity  for  heat.  In  reply  to  this,  it  may  be  remarked 
that  aside  from  the  fact  that  the  efficiency  of  a  given  quantity  of 
checker-work  is  dependent  upon  the  frequency  of  alternations,  its 
storage-capacity  for  heat  increases  with  the  temperature.  Material 
more  highly  heated  will  impart  heat  to  the  blast  more  rapidly  and 
yield  blast  of  a  higher  temperature. 

A  desirable  feature  of  the  design  suggested  is  that  the  highest 
temperature  is  maintained  at  the  top  of  the  stove,  so  that  the  material 
in  the  lower  parts,  which  supports  the  greater  weight,  is  thus  pro- 
tected against  the  effects  of  excessive  heat. 
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BY   W.    J.    KEEP,  DETROIT,     MICH.;     ANALYTICAL    DETERMINATIONS  BY  H.    S. 
FLEMING,  EMPORIUM,  PA.,  AND  EDWARD  ORTON,  JR.,  VICTORIA,  W.  VA. 

(New  York  Meeting,  Febraary,  1889.) 

Cast-iron,  or  pig-iron,  is  iron  which  contains  all  the  carbon  that 
it  could  absorb  during  its  reduction  in  tlie  blast-furnace.  As  is 
well-known  to  chemists,  carbon  exists  in  cast-iron  in  two  distinct 
forms.  In  chemical  union,  as  "  combined  "  carbon,  it  cannot  be 
discerned,  except  as  it  may  increase  the  whiteness  of  the  fracture, 
in  so-called  white  iron,  or  carburetted  iron  (sp.  gr.  about  7.72). 
Carbon  mechanically  mixed  with  the  iron  as  graphite  is  visible, 
varying  in  color  from  gray  to  black,  while  the  fracture  of  the  iron, 
according  to  the  color  and  amount  of  graphite  it  contains,  ranges  from 
a  light  to  a  very  dark  gray.  The  specific  gravity  of  graphitic  iron 
is  about  7.40. 

Silicon  in  cast-iron  is  evidently  to  some  extent  combined  with  the 
iron  and  the  carbon  ;  but  whether  it  exists  also  in  a  form  correspond- 
ing with  graphitic  carbon,  mechanically  mixed  with  the  remaining 
mass,  is  a  question  still  in  dispute,  which  we  have  not  in  this  paper 
endeavored  to  answer. 

It  has  been  the  opinion  of  many  writers  on  metallurgy,  and  many 
foundry  men,  that  silicon  is  in  every  way  injurious  to  cast-iron.  Yet 
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some  brands  of  siliocons  pig-iron  have  been  in  liigli  repute  for  their 
fitness  to  mix  with  other  irons  and  produce  soft  castings.  For  many 
years  Scotch  pig  was  deemed,  both  in  America  and  other  countries, 
indispensable  for  this  purpose.  Its  manufacture  from  black-band 
ores  was  supposed  to  impart  to  it  some  magic  quality.  It  was  dis- 
covered years  ago,  by  many  American  founders,  that  certain  brands 
of  American  iron  alone  could  be  mixed  to  make  better  castings  than 
when  Scotch  pig  was  used  with  them.  Moreover,  some  brands  of 
American  iron  were  found  so  effectual  in  softening  other  pig-irons 
that  they  came  to  be  known  by  the  name  of  "  softeners." 

The  reason  for  this  effect  was  known  to  but  few.  We  have 
before  alluded*  to  the  experiments  of  Prof.  Thomas  Turner,  of 
Mason  College,  Birmingham,  made  to  determine  systematically  the 
effect  of  silicon.  The  result  of  these  researches  and  of  the  comments 
they  elicited  is,  that  to-day  foundry  men  understand  much  better 
than  formerly  why  they  can  soften  or  strengthen  their  foundry-mix- 
tures by  variation  of  the  silicon. 

The  influence  of  silicon  is  indicated  to  the  eye  by  its  action  on 
the  carbon  which  the  iron  contains.  We  shall  therefore  first  examine 
this  action. 

I.  The  Effect  of  Silicon  upon  the  Caebon  of  Cast-Iron. 

Silicon  will  expel  carbon,  if  the  iron,  when  melted,  contains  all 
the  carbon  that  it  can  hold  and  a  portion  of  silicon  be  added.  In 
proof  of  this  we  take  two  grades  of  Pencost  ferro-silicon,  as  shown 
in  Table  I. : 


Table  I 


NO. OF  TEST 

Fen-oSflicon 

Silicon 

Carbon 

Analysts 

401 
403 

PENCOST 

10.34 
12.08 

1.99 
1.58 

Orton  and  Lord 

Increase  in  Slllcoa 

btcreaae  in  Carbon 
rercentage  of  increase  in  Silicon 
Percentage  of  decrease  in  Carbon 

1.74 

0.41 
20. 

*  Ferro-Silicon,  and  the  Economy  of  its  Use.     Buffalo  meeting,  October,  1888. 
Page  253  of  the  present  volume. 
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Further  proof  is  furnished  in  analyses  collected  by  Mr.  H.  M. 
Howe,  and  shown  in  Table  II. : 


Tablell 


ANALYST 

a 

a 

b 

3 

b 

C 

d 

e 

e 

CARBON 

3.3S 

2.88 

2.96 

2.42 

1% 

l.Sl 

0.79 

0 

0 

SILICON 

5.13 

5.47 

5.92 

8.33 

9.50 

9.80 

15.38 

20.00 

23.00 

a,  E.Hart;  b,  Zabondsky;  c,  Turner;  d,  Peicj-;  e,  E.Riley. 

These  analyses  indicate  that  as  silicon  increases  carbon  decreases. 
The  silicons  and  carbons  of  the  tests  of  Professor  Turner  are 
brought  together  in  Table  III. : 


Table  III 


Carbon 

1.9S 

2.00 

2.09 

2.21 

2.18 

1.87 

2.23 

2.01 

2.03 

1.86 

1.81 

SiUcon 

.19 

.45 

.96 

1.37 

1.96 

2.51 

2.96 

3.92 

4.74 

7.33 

9.30 

These  do  not  show  the  decrease  to  be  expected  on  the  assump- 
tion that  additions  of  silicon  will  invariably  expel  carbon.  But  the 
increase  of  the  carbons  of  this  series  does  not  prove  that  in  irons 
jidl  of  carbon  each  addition  of  silicon  would  not  produce  a  decrease 
of  carbon. 

The  first  iron  in  the  last  table  is  Prof.  Turner's  artificially-made 
base-iron,  described  as  prepared  by  cementing  wrought-iron  with 
charcoal.  The  carbon  is  only  about  f  or  |  of  what  a  regularly 
furnace-made  white  iron  would  contain.  This  deficiency  in  carbon 
would  cau.se  the  iron  to  absorb  carbon  if  the  conditions  favored  such 
absorption,  which  seems  to  have  been  the  case. 

If  the  time  and  heat  had  been  sufficient,  and  the  carbon  was  present 
in  a  condition  to  be  absorbed,  the  amount  in  the  test  with  silicon 
at  .45  per  cent,  should  have  been  nearer  2.5  per  cent,  of  carbon. 

If,  in  Prof.  Turner's  meltings,  the  iron  remained  in  the  crucible 
a  considerable  time,  the  walls  of  the  crucible  may  have  yielded 
carbon  to  it.  But  if  his  original  metal  had  contained  all  the  carbon 
it  could  hold,  it  could  not  have  taken  any  from  the  crucible.  The 
last  number  but  one  of  his  series,  containing  7.33  per  cent, 
of  silicon,  has  not  taken  up  much  carbon,  and  probably  contains  the 
amount  due  to  the  silicon  present.  The  last  number  of  the  series  is 
the  ferro-silicon  by  which  he  conveyed  the  silicon  to  each  heat,  and 
is  a  regularly-made  blast-furnace  product.  Its  low  carbon  is  due  to 
its  high  silicon.  We  thus  see  that  Table  III.,  while  it  does  not 
throw  any  light  on  the  subject  of  the  expulsion  of  carbon  by  silicon, 
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leaves  uninipaireil  the  proof  of  the  other  analyses  presented  in 
Tables  I.  and  II. 

Onr  own  analyses  (Table  I.)  show  that  where  carbon  has  time  to 
escape,  as  in  the  blast-furnace,  each  increase  of  silicon  will  drive  out 
a  portion  of  the  carbon.  In  this  special  case,  17  percent,  increase 
of  silicon  decreased  the  carbon  20  per  cent. 

AVe  have  no  proof,  so  far  as  we  have  gone,  that  an  addition  to  the 
amount  of  carbon  jiresent  will  dislodge  silicon  ;  on  the  other  hand, 
our  experiments  seem  to  ])rove  that  silicon,  once  in,  does  not  leave 
the  iron  on  account  of  variation  of  heat  or  of  carbon. 

The  same  proposition,  regarding  the  exclusion  of  carbon  by  sili- 
con, is  true,  if  we  mix  different  irons  and  melt  theni  rapidly, 
without  giving  the  carbon  time  to  escape.  If  any  regularly-made 
blast-furnace  iron  is  melted  rapidly  with  a  portion  of  ferro-silicon, 
the  melted  product  will  contain  a  total  of  too  much  carbon  for  the 
total  silicon. 

The  result  must  be  the  expulsion  of  .some  of  the  carbon.  By  a 
large  number  of  tests  and  analyses  presented  at  the  October  meet- 
ing of  the  Institute  in  the  paper  already  cited,  we  proved  that  the 
silicon  is  not  expelled.  Table  I.  of  this  paper  proves  that  when 
time  is  given,  carbon  is  expelled.  The  process  by  which  such  ex- 
clusion of  carbon  takes  place  is  worthy  of  study.  The  addition  of 
silicon  to  melted  iron  holding  its  full  comj)lement  of  combined  carbon 
decreases  its  ability  to  retain  that  carbon  in  that  state.  The  instant 
the  carbon  is  dropped  from  the  combined  state  it  necessarily  takes 
the  graphitic  form,  in  which  it  has  only  one-third  the  specific  gravity 
of  iron.  This  causes  each  particle  of  graphite  to  begin  an  upward 
movement  to  reach  the  surface.  As  the  iron  cools,  it  becomes  too 
thick  for  the  graphite  to  go  further,  and  at  the  same  time,  before  it 
becomes  crystalline,  its  ability  to  hold  carbon  constantly  decreases, 
causing  still  more  graphite  to  be  formed.  The  more  graphite,  the 
darker  the  grain. 

II.  Description  of  Our  Method  of  Testing,  and  Com- 
parisons OF  Our  Tests  with  those  of 
Prof.  Turner. 

As  in  our  other  investigations,  these  irons  are  tested  by  "  Keep's 
tests,"*  the  object  of  which  is  to  make  apparent  to  the  eye  the  effect 
of  various  percentages  of   any    element   under  examination.     We 

*  See  the  Iron  Age,  vol.  xli.  Nos.  19,  20  and  22. 
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have  used  as  bases  the  same  charcoal  irons  as  in  other  investigations, 
one,  a  white  iron  with  0.186  silicon,  and  the  other  a  gray  iron, 
"F^M,"with  1.249  silicon.  To  each  of  these  bases  we  added,  in 
varying  percentages,  silicon,  procured  from  various  ferro-sil icons, 
both  American  and  foreign.  We  cannot  report  in  this  paper  all  of 
our  experiments,  but  those  which  we  give  illustrate  the  whole.  As 
already  indicated,  an  objection  to  the  tests  of  Prof.  Turner  is,  that 
he  did  not  use  cast-iron  saturated  with  combined  carbon  at  blast- 
furnace temperature.  Another  objection  is,  that  he  introduced,  along 
with  his  silicon,  sufficient  manganese  to  exert  a  decided  influence. 

We  propose  to  substantiate  the  general  conclusions  of  Prof  Tur- 
ner regarding  grain,  strength  and  hardness,  by  presenting  the  record 
of  a  series  of  tests  almost  exactly  parallel  to  his,  except  that  our 
tests  are  not  subject  to  these  two  objections. 

Our  white  iron  and  his,  as  shown  in  Table  IV.,  have  almost  the 
same  composition,  except  as  to  carbon,  which  is  in  each  case  derived 
from  cliarcoal. 

The  higher  manganese  and  sul])hur  in  Turner's  metal  would  cause 
it  to  be  more  ])ersistently  white  than  ours.* 

Table  IV 


WHITE  IRON 
BASE 

Total 
Carbon 

Graphite 

Silicon 

Phos- 
phoi-us 

Man- 
ganese 

Sulphur 

HOW  MADE 

Keep's 
Turner's 

2.98 
1.98 

.95 
.38 

.186 
.190 

.26 
.32 

.09 
.14 

.03 

.05 

Blast  Furnace 
Cementation 

GRAY  BASE 
Keep's"Fi-M!' 

3.55 

3.22 

1.249 

.084 

.18J 

.04 

Blast'Fumace 

The  ferro-silicon  by  which  Prof  Turner  introduced  silicon  con- 
tained 1.95  per  cent,  manganese  and  9.80  per  cent,  silicon.  Ours 
contains  only  0.62  per  cent,  manganese,  and  16.32  per  cent,  silicon. 
In  our  tests,  therefore,  we  introduce  only  .04  per  cent.,  while  he  in- 
troduced .2  per  cent,  of  manganese  for  each  1  per  cent,  of  silicon. 
We  practically  allow  all  other  elements,  except  silicon,  to  remain 
the  same  in  each  test,  for  the  reason  that,  as  our  ferro-silicon  is  so 
high  in  silicon,  we  do  not  use  enough  of  it  to  vary  the  phosphorus 


*  Our  gray  base,  F''M,  i.s  almost  the  exact  counterpart  of  our  white  base,  and  also 
of  Turner's,  with  the  exceptions  that  carbon  is  still  higher,jjnd  silicon  is  sufBcient 
to  make  the  fracture  a  dark  gray.  Phosphorus  is  lower,  while  manganese  is  higlier, 
and  sulphur  is  between  the  two.  Both  of  our  furnace-irons  are  purer  than  Turner's 
so  far  as  damaging  elements  are  concerned. 
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and   sulpliur   or   manganese.      Table   V.   exhibits   the   record    of 


Table  V 
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strength  of  this  series,  and  shows  the  strengths  (reduced  to  a  h  in.  sq. 
area)  of  Prof.  Turner's  tests  by  dots,  in  the  columns  nearest  cor- 
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responding  to  his  silicon-contents.  The  vertical  columns  contain 
the  records  of  each  individual  test,  the  percentage  of  silicon  actually 
found  in  the  iron  being  at  the  top  of  the  column ;  also  the  test- 
number.  The  horizontal  lines  denote  measures  of  transverse  break- 
ing-weight in  avoirdupois  pounds.  The  figures  in  the  left-hand 
column  show  the  pounds  represented  by  the  horizontal  record-line 
in  each  vertical  column.  The  full  record-line  represents  the  resist- 
ance to  a  weight  gradually  applied  at  the  center  of  a  bar  1  foot  long 
and  1^  inch  square.  The  dots  are  Turner's  calculated  transverse 
breaking-weights  for  his  tests  reduced  to  our  size  of  bar.  The 
broken  line  records  the  stress  which  ruptured  our  bar  by  impact. 
This  is  recorded,  for  comparison,  in  pounds,  found  by  calculating 
the  foot-pounds  for  each  fall  and  using  an  arbitrary  value  in  pounds* 
for  a  foot-pound.  The  record  in  all  cases  is  either  an  average  of 
two  or  of  three  test-bars. 

In  determining  impact  breaking-weight,  the  first  blow  is  always 
struck  with  a  fall  of  J  inch,  each  succeeding  blow  increasing  by  | 
inch  fall,  until  fracture  takes  place.  The  blow  is  delivered  by  a 
hammer  of  25  pounds,  swinging  on  a  6-foot  radius.  Both  the  trans- 
verse and  impact  machines  are  constructed  specially  for  these  tests, 
and  each  makes  an  autographic  diagram.  Prof.  Turner  concludes 
from  his  tests  that  the  amount  of  silicon  producing  the  maximum 
increase  of  strength  is  about  1.80  per  cent.  Our  tests  show  that 
this  conclusion  is  correct. 

But  this  is  only  true  when  a  white  base  is  used,  for  the  following 
reasons :  A  white  iron,  of  the  composition  of  our  white  base,  will 
not  produce  sound  castings.  The  blow-holes  account  for  its  lower 
specific  gravity,  and  for  its  diminished  strength.  A  small  addition 
of  silicon,  from  .80  to  1.80  per  cent.,  eliminates  blow-holes  and 
causes  sound  castings. 

If  an  iron  is  used  as  a  base  Avhich  will  produce  a  sound  casting  to 
begin  with,  each  addition  of  silicon  will  decrease  strength,  as  we 
shall  show  hereafter. 

III.  The  Influence  of  Silicon  upon  the  Strength  of 

Cast-Iron. 

Our  conclusions  regarding  the  effect  of  silicon  in  percentages  less 
than  1.50  per  cent,  are  drawn  from  the  records  in  Table  V.,  above. 

*  The  value  assumed  as  a  basis  of  calculation,  for  reasons  not  necessary  to  be 
given  here,  is  2S8  pounds  avoirdupois  for  a  fall  of  25  pounds  through  2^  in. 
Vol.  xYii. — 44 
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As  soon  as  the  casting  is  sound,  with  the  least  graphite,  the  great- 
est crush ing-strengtli  is  obtained.  This  condition  gives  also  the 
greatest  specific  gravity.  Any  further  addition  begins  to  form 
graphite,  relieves  the  metal  of  its  brittleness,  and  gives  at  a  certain 
point  the  greatest  tensile  and  transverse  strength.  When  the 
graphite  increases  beyond  this  point,  the  metal  is  divided  by  it,  the 
strength  decreasing  as  the  graphite  increases.  At  the  same  time 
the  metal  grows  softer.  To  decide  as  to  the  action  of  silicon  in 
amounts  greater  than  1.50  per  cent.,  we  have  made  a  large  number 
of  tests. 

As  they  are  in  the  main  similar,  we  shall  present  the  four  series 
of  tests  mentioned  in  our  paper  on  Ferro-sil icons,  before  referred  to, 
and  numbered  from  340  to  355  and  also  a  series  of  tests  with  a  uni- 
form 2J  percentage  of  silicon  ;  these  latter,  and  one-half  of  the 
former,  being  with  the  same  F^M  base.  (The  silicons  in  these  2h 
per  cent,  tests  were  calculated  with  such  care  that  a  chemical  deter- 
mination was  not  deemed  necessary.)  As  foundry  castings  con- 
tain between  1^  and  3  per  cent,  of  silicon,  and  for  thin  castings 
nearer  2|  per  cent.,  these  series  show  the  effect  of  silicon  in  ordinary 
practical  foundry-work,  when  the  percentage  of  silicon  is  produced 
artifically  by  mixtures.  We  show  also  a  series  of  pig-irons  con- 
taining from  1|  to  3  per  cent,  of  silicon,  in  which  the  percentages 
of  silicon  are  produced  naturally  in  the  blast-furnace. 

Pure  iron,  if  it  could  be  made,  would  be  so  pliable  and  inelastic 
as  to  possess  but  little  strength.  Simple  iron,  holding  all  the  carbon 
that  it  could  take  up,  would  be  white,  hard  and  brittle,  because  the 
carbon  would  all  be  combined,  and  such  iron  could  not  be  made 
into  a  solid  casting. 

As  wo  have  said,  silicon  changes  the  carbon  from  the  combined  to 
tlie  graphitic  state.  Cast-iron  which  contains  enough  silicon  to  take 
out  the  brittleness,  and  to  allow  it  to  make  a  solid  casting,  is  the 
strongest  composition  that  we  ordinarily  find  in  natural  cast-iron. 

It  will  be  noticed  in  any  test  that  we  have  made,  that  a  solid 
casting  having  its  carbon  combined,  is  stronger  than  one  in  which 
the  carbon  is  more  graphitic.  For  strength,  therefore,  we  must  en- 
deavor to  obtain,  instead  of  a  perfectly  uniform  distribution  of 
graphite,  a  concentration  in  uniformly  distributed  minute  pockets, 
around  which  the  iron  holding  combined  carbon  may  form  a  lace- 
work.  If  strength  be  more  important  than  softness,  we  will  leave 
the  greatest  possible  quantity  of  carbon  in  the  combined  state  that 
can  be  left,  without  causing  the  iron  to  be  brittle. 
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The  percentage  of  silicon  required  depends  greatly  upon  the  con- 
dition in  which  the  carbon  exists  in  the  iron  to  begin  with.  For 
example,  the  presence  of  2J  per  cent,  of  silicon  in  an  iron  will  not 
determine  the  relative  quantity  of  the  two  kinds  of  carbon.  If  the 
pigs  contain  enough  silicon  (as  in  F^M,  which  has  IJper  cent.) 
to  produce  considerable  graphite,  then  the  addition  of  1 J  per  cent, 
of  silicon  (bringing  the  total  up  to  2|  per  cent.)  will  turn  a  large 
amount  of  the   remaining  carbon   into  graphite;  but,   if  into  the 
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white  base  which  contains  only  i  of  one  per  cent,  silicon,  we  add  2|- 
to  make  the  silicon  2|,  we  shall  find  that  the  carbon  persistently 
holds  to  the  combined  form,  and  that  the  graphite  which  is  formed, 
forms  pockets,  where  it  acts  like  a  cushion  to  remove  brittleness. 

The  tests  in  Table  VI.  are  arranged  to  illustrate  these  statements. 
Tests  344  to  347  contain  the  largest  amount  of  combined  carbon  of 
all  the  five  series  in  this  table.     These  irons  were  made  from  the 
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white  base,  which  made  porous  and  brittle  castings  when  used  alone, 
and  to  which  Mas  added  a  ierro-silicon,  containing  less  carbon  than 
the  base,  and  all  of  it  graphitic.  The  silicon  is  in  a  concentrated 
form,  and  the  ferro-silicon  used  alone,  makes  a  very  weak  and 
brittle  casting.  The  casting  from  this  mixture  contains  less  carbon 
than  the  white  base,  and  this  decrease  diminishes  the  power  of  the 
silicon  to  form  graphite.  These  castings  are  therefore  brittle  and 
hard,  while  the  first  two  are  white.  The  increased  strength  of  test 
345  is  due  to  the  casting  being  more  solid. 

Series  340  to  343  shows  silicon  added  to  the  white  base  in  a 
diluted  state,  and  a  resultant  increase  of  carbon,  for  the  reason  that 
the  ferro-silicon  contained  more  carbon  than  the  base,  though  a  large 
portion  was  combined.  As  the  casting  cooled,  therefore,  the  contained 
silicon  caused  more  of  the  carbon  to  take  the  graphitic  form  than  in 
the  series  last  spoken  of,  and  removed  brittleness  at  the  same  time, 
leaving  enough  combined  carbon  to  give  very  great  strength. 

In  series  348  to  351,  the  gray  base  F^M  is  used,  which  contains 
much  more  carbon  than  the  white  base.  In  this  series  the  ferro- 
silicon  containing  most  combined  carbon  is  used. 

The  large  amount  of  graphite  in  the  mixture  divides  the  mass 
and  weakens  the  casting  as  compared  with  the  series  from  the  white 
base  ;  but  the  strength  is  greater  than  in  the  next  or  fourth  series, 
where  a  ferro-silicon  was  used  containing  practically  no  combined 
carbon.  In  this  series  everything  tends  to  increase  graphite  and 
consequently  makes  weak  castings.  The  most  interesting  series  is 
the  last  in  the  table,  showing  the  strength  of  pig-irons  with  nearly 
the  same  percentages  of  silicon  as  the  previous  series.  The  perfect 
mixture  of  the  elements  of  the  iron  causes  these  natural  irons  to  be 
stronger  than  the  artificially-mixed  irons  last  considered.  When  in 
a  later  part  of  this  paper  we  examine  the  grain  of  the  members  of 
these  series,  we  shall  see  even  more  clearly  the  advantages  of  using 
pig-irons  which  have  the  proper  proportion  of  silicon,  rather  than 
bringing  up  that  proportion  by  mixture. 

From  an  examination  of  this  table  we  conclude  that  if  the  silicon 
is  taken  up  by  the  pig  in  the  furnace,  a  smaller  amount  will  pro- 
duce a  given  quantity  of  graphite  than  when  the  silicon  is  added  at 
the  re-melting. 

We  also  conclude  that  in  a  pig  that  has  taken  up  enough  silicon 
in  the  furnace  to  turn  a  portion  of  its  carbon  to  graphite,  the  com- 
bined carbon  remaining  will  turn  into  graphite  more  readily  than  in 
a  pig  which  has  its  carbon  mostly  in  the  combined  state,  by  reason 
of  a  lack  of  silicon. 
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Table  A^II.  further  proves  what  we  have  stated  by  a  series  of  casts, 
all  from  the  gray  base  F^M,  the  silicon  being  added  by  ferro  sili- 
cons, which  contain  varying  percentages  of  silicon  and  varying  pro- 
portions of  combined  carbon. 

This  series  proves  that  variations  in  the  percentage  of  silicon  will 
not  insure  a  given  strength  or  physical  structure,  but  that  these  re- 
sults will  depend  upon  the  physical  properties  of  the  original  irons. 

Table  VII 
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To  bring  up  the  silicon  to  2|  per  cent,  with  F^M  as  a  base,  only 
1 J  per  cent,  of  silicon  has  to  be  added ;  and  as  this  takes  but  a 
small  portion  of  a  10  or  12  per  cent,  metal,  the  condition  of  the 
carbon  in  the  ferro-silicon  is  not  so  important  as  its  condition  in  the 
base. 

A  very  important  question  is.  Which  is  best,  a  ferro-silicon  carry- 
ing 10  per  cent,  and  more  of  silicon,  or  one  with  about  5  per  cent.? 
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The  tests  miule  thus  far,  ami  our  practical  experience,  are  rather 
in  favor  of  the  hnv  percentages,  probably  because  with  the  low-sili- 
con irons  more  of  the  iron  must  be  used,  and  as  there  is  more  carbon 
in  low  than  in  high  grades,  more  carbon  will  be  introduced  ;  also 
because  the  proportion  of  carbon  in  the  ferro-silicon  and  tiie  base 
will  be. more  nearly  the  same.  AVe  have  recorded  in  Table  VII. 
in  column  447,  the  strength  of  the  base  F^M,  the  weight  above  and 
the  impact  below  the  350-pound  line,  and  at  the  bottom  of  each 
column  tiie  strength  of  each  ferro-silicon  used.  The  strength  of  the 
resultant  castings  is  not  in  any  way  dependent  upon  the  strength  of 
the  irons  from  which  they  are  made,  but  can  be  traced  to  the  state 
of  the  carbon  in  the  original  irons.  Thus  far  we  have  considered  the 
question  as  though  we  expected  to  account  for  all  variations  by  the 
chemical  constitution  of  the  iron,  but  this  is  by  no  means  the  case. 
There  is  evidently  a  mechanical  or  physical  condition  of  structure 
not  dependent  upon  the  chemical  composition.     We  have  often  pro- 


Table  VIII 


2    Z 

u    u 

K   a. 

silicon  InJest  Bars 

4.35 

6.75 

8.07 

9.27 

10.29 

10.83 

11.68 

NUMBER  OF  TEST 

397 

398 

399 

400 

401 

402 

403 

1st.  Remelt 

Weight 

478 

338 

262 

216 

231 

221 

150 

Impact 

425 

254 

185 

142 

125 

125 

76 

I 

2nd.  Remelt 

Weight 

433 

270 

260 

219 

239 

235 

197 

Impact 

417 

26i) 

130 

107 

130 

119 

101 

NUMBER  OF  TEST 

405 

406 

407 

408 

409 

410 

411 

Silicon  In  Test  Bars 

4.25 

(;.57 

7.99 

9.31 

10.24 

10.76 

11.48 

duced  castings  with  one  part  strong,  soft,  and  gray,  and  another  part 
of  the  same  casting  white,  hard,  and  brittle,  a  drawing  of  which  we 
show  further  on.  Many  of  the  bars  in  the  tables  just  considered 
show  such  structure.  Why  in  one  case  the  carbon  took  the  com- 
bined state,  and  in  the  other  the  graphitic,  we  cannot  say. 

Fast  or  slow  melting  or  cooling  allow  these  physical  changes  to 
occur.  Less  or  more  heat,  or  any  other  change  of  conditions,  may 
cause  this  physical  change.  For  this  reason  chemical  analy.ses  do 
not  lead  to  explanations  of  these  peculiarities  as  readily  as  properly 
conducted  physical  tests.  The  founder  cannot  be  certain  what  a 
mixture  of  irons  will  produce.  Experience  will  guide  him,  but  only 
jihysical  tchts  will  show  exact  results.  For  example,  it  would  be 
supposed  that  with  silicon  at  2|  per  cent.,  and  no  appreciable  varia- 
tion in  other  elements,  the  resultant  irons  would  be  alike;  but 
Table  VII.  shows  how  great  a  divergence  exists. 
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After  enough  silicon  has  been  added  to  cause  solid  castings,  any 
further  addition  and  consequent  increase  of  graphite  weakens  the 
casting.  The  softness  and  strength  given  to  castings  by  a  suitable 
addition  of  silicon  is,  by  a  further  increase  of  silicon,  changed  to 
stiffness,  brittleness,  and  weakness. 

These  and  other  tests  show  also  that  silicon  by  itself  is  a  weaken- 
ing agent.  To  prove  this  we  produce  in  Table  VIII.  the  tests  of  a 
number  of  ferro-silicons,  all  made  at  one  furnace  under  similar  con- 
ditions; as  silicon  increases  the  irons  grow  weaker. 

All  our  tests  have  proved  that  after  silicon  has  reached  4  or  5  per 
cent.,  all  the  graphite  has  formed  that  will  form,  and  that  the  weak- 
ening effect  of  silicon  is  more  apparent  beyond  this  percentage. 

TV.  The  Influence  of  Silicon  upon  Deflection. 

While  Table  V.  shows  that  the  strength  increased  up  to  1^  per 
cent,  of  silicon,  Table  IX.  does  not  exhibit  much  corresponding  in- 
crease of  deflection. 

Up  to  this  point  in  this  series,  graphite  has  not  formed  in  suffi- 
cient amount  to  be  perceptible  to  the  eye.  From  this  point  on,  the 
deflection  increases  (but  the  strength  decreases)  as  graphite  increases. 
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We  say,  therefore,  that  as  strength  decreases  from  increase  of  graph- 
ite and  decrease  of  combined  carbon,  deflection  increases,  or,  in  other 
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Silicon  in  Test  Bars 

4.35 

C.75 

8.07 

9.27 

10.29 

10.83 

11.63 

1st.  Remelt 

No.  Test 

397 

398 

399 

400 

401 

402 

433 

^     Bars 

.23 

.18 

.13 

.12 

.12 

.10 

.09 

2nc/.  Remelt 

i3     Bars 

.22 

.15 

.12 

.11 

.11 

.10 

.09 

No.  Test 

405 

406 

407 

408 

439 

4iC 

411 

Silicon  In  Test  Bars 

4.25 

6.53 

7.99 

9.31 

10.24 

10.76 

11,48 
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words,  bending  is  increased  by  graphite.  When  no  more  graphite 
can  form  and  silicon  still  increases,  deflection  diminishes,  showing 
that  high  silicon  not  only  weakens  iron,  but  makes  it  stiff.  This 
stiffness  is  not  the  same  strength-stiffness  which  we  found  at  the 
beginning  of  the  series,  caused  by  comj)act  iron  and  combined  car- 
bon.    Table  X.  illustrates  the  bi'ittle-stlffness  of  silicon. 

Table  XI 


MIXTURE 

WHITE 

Pencost  10.34 

BASE 

PeiK'dst  4.36 

GRAY 

Pencost  4.30 

BASE 

Pencost  10.34 

FOUNDRY 
PIG-IRON 

NO. TEST 

m 

3)5 

346 

Ul 

340 
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348 

349 

350 
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35? 

35'3 
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RATIO  |r                    ACTUAL 

.30 

■*"1 
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"-1 

--- 1 

B^ 

p-.l 
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In  Tables  XI.  and  XII.  we  have  plotted  the  ratio  of  the  deflec- 
tion to  the  weight ;  but  although  this  is  more  exact,  yet  the  total 
deflection  is  so  nearly  the  same  that  we  find  it  is  not  necessary  to 
calculate  the  ratio. 

It  will  be  seen  that  deflection  is  proportional  to  the  graphite. 
We  introduce  Table  XII.  of  deflections  to  show  further  that  deflec- 
tion does  not  vary  proportionately  with  strength.  This  series  con- 
tains 2|  per  cent,  of  silicon  in  each  test. 

Table  XII 


Test  of  Fe  SI 

36 

397 

403 

140 

214 

398 

213 

221 

35 

39 

396 

401 

N;une  of 

FERRO-SI 
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(Si.1.249^ 

1 
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d 
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§ 
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SILICON 
tn  Fcrro  Silicon 
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^ 

S? 

« 

^ 

g; 

e>4 

5 
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S 

NO. TEST 

447 

350 

448 

449 

450 

451 

452 

453 

454 

455 

456 

354 

DEFLECTION 

RATICT-v-             ACTUAL 

.30 
.25 
.20 

1 

.0008 
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In  Table  XI.  we  have  shown  the  deflections  of  impact  by  a  broken 
line. 

The  permanent  set  varies  nearly  as  the  deflection,  being  greatest 
in  the  iron  that  contains  most  graphite.  The  iron  that  has  the  great- 
est deflection,  probably,  though  not  necessarily,  has  the  greatest  set. 
Many  cast-irons  take  no  set,  and  are,  therefore,  perfectly  elastic. 
The  subject  of  the  elasticity  of  cast-iron  will  be  treated  by  itself  at 
another  time. 

Y.  The  Influence  of  Silicon  upon  Shrinkage. 
We  do  not  yet  thoroughly  understand  all   the  influences  which 
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cause  cast-iron  to  shrink  in  solidifying  and  cooling.  The  simple 
loss  of  heat  from  the  fluid  metal  will  not  account  for  it.  If  this 
were  the  case  the  shrinkage  would  indicate  which  iron  requires 
the  highest  temperature  for  melting,  which  is  not  the  case. 

Starting  with  the  assumption  that  pure  iron  would  shrink  a  cer- 
tain amount  for  each  reduction  in  temperature  during  cooling,  we 
will  assume,  also,  that  if  the  molten  iron  contains  any  element 
which,  when  the  iron  becomes  crystalline,  will  crystallize  out,  and 
in  so  doing  will  swell  and  still  remain  mechanically  mixed  with  the 
iron,  then  such  a  casting  will  show  less  shrinkage  than  a  casting  of 
pure  iron,  and  le.ss  than  one  in  which  the  contained  element  remains 
in  combination,  instead  of  crystallizing  out. 
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Several  elements  probably  act  in  this  way,  and  thus  reduce  shrink- 
age. Carbon  certainly  does.  As  we  have  seen,  it  is  caused  by  sili- 
con to  crystallize  out  as  graphite.  The  greatest  formation  of  graphite 
seems  to  be  just  before  the  iron  becomes  solid.  The  volume  of 
graphite  is  about  three  times  as  great  as  that  of  iron.  The  graphite 
cannot  swell  to  its  full  extent  on  account  of  the  mass  and  incipient 
crystallization  of  the  iron  about  it.  It  causes  a  swell  at  the  instant 
when  the  iron  crystallizes,  but  not  enough  to  counteract  all  shrinkage 
of  the  metal.  This  explanation  will  account  for  the  popular  belief 
that  gray  iron  expands  the  instant  it  becomes  crystalline.  If  the 
swelling  of  the  graphite  causes  a  swell  before  the  iron  begins  to 
shrink,  the  iron  may  shrink  as  much  as  if  the  graphite  were  not 
present,  yet  the  shrinkage  would  be  lessened  by  exactly  the  amount 
of  the  swell. 

Table  XIII.  shows  that  in  the  first  three  heats  there  was  not 
enough  graphite  liberated  to  produce  any  decrease  in  shrinkage,  but 
it  is  seen  that  when  graj)hite  does  separate  shrinkage  decreases. 
Table  XIV.  shows  this  even  better.  The  tables  show  the  shrink- 
age of  our  test  bars  one  foot  long. 

Table  XIV 


MIXTURE 
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Pencost  10.34  Si. 
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Another  thing  worthy  of  notice  is,  that  in  pig-irons  which  re- 
ceived their  silicon  while  in  the  blast-furnace,  the  graphite  more 
easily  separates,  and  the  shrinkage  is  less  than  in  any  mixture.  It 
will  be  noticed  in  each  table  that  all  the  evidence  is  in  favor  of  using 
irons  that  contain  the  proper  amount  of  silicon  for  the  use  to  which 
they  are  put. 
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To  show  that  shrinkage  is  not  determined  simi:)]y  by  the  amount 
of  silicon  present,  we  introduce  Table  XY. : 
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We  shall  find  in  future  examinations  that  other  elements  than 
graphite  act  in  reducing  shrinkage. 

Silicon,  indeed,  operates  by  itself  to  increase  shrinkage.  This  is 
indicated  by  Table  XVI.  : 


Table  XVl 


C    0. 

X    u. 
V>    o 

Silicon  In  Test -Bars 

4.35 

6.75 

8,07 

9.27 

1U.29 

10.S3 

n.es 

NUMBER   OF   TEST 

397 

m 

399 

400 

401 

402 

403 

7st.  Remelt 

Thin  Bar 

.146 

.1:3 

.lii7 

.194 

.201 

.181 

.173 

Square  Bar 

.139 

.177 

.194 

.195 

.199 

.175 

.171 

2nd.  Remelt 

Thin  Bar 

.175 

.171 

.ISa 

.192 

.202 

.161 

.177 

Square  Bar 

.136 

.178 

.190 

.192 

.200 

.176 

.170 

NL'WBER   OF   TEST 

405 

406 

407 

40S 

409 

410 

411 

Silicon  in  TestBars 

4.25 

6,57 

7.99 

9.31 

10.24 

10.76 

11.48 

It  will  be  noticed  in  this  table  that  as  silicon  increases,  shrinkage 
also  increases. 

The  same  increase  is  also  seen  iu  Table  XIII.     In  the  foreign 


700  SILICON   IN   CAST-IRON. 

ferro-silicon  used  in  forming  this  series,  the  shrinkage  was  .311  with 
Si  16.32.  Thus  far  the  greatest  shrinkage  we  have  found  in  iron, 
white  from  lack  of  sih'con,  was  .270.  The  uniformly  increasing 
shrinkage,  in  series  with  increasing  silicon,  and  the  exceptionally 
high  shrinkages  of  ferro-sil icons,  and  also  the  rise  in  shrinkage  in 
white  irons  to  which  silicon  has  been  added,  but  not  in  sufficient 
quantity  to  cause  graphite  to  be  seen,  as  in  the  first  three  numbers 
of  Table  XI II.,  seem  to  prove  that  silicon  of  itself  increases  shrinkage, 
though  by  reasou  of  its  action  upon  the  carbon  in  ordinary  practice 
it  is  truly  said  that  silicon  "  takes  the  shrinkage  out  of  cast-iron." 

The  slower  a  casting  crystallizes,  the  greater  will  be  the  quantity 
of  graphite  formed  within  it.  We  think,  however,  that  there  is  a 
double  action  with  silicon,  and  that  a  large  amount  of  carbon  is 
turned  into  graphite  at  the  instant  when  crystallization  takes  place. 
This  accounts  for  very  thin  castings  being  gray,  and  for  the  chill 
being  lessened.  If  our  records  are  examined  it  will  be  found  that 
with  reasonably  high  silicon,  say  from  5  to  7  })er  cent.,  the  thin  bar 
of  our  tests  shrinks  as  little  or  less  than  the  square  bar.  This  shows 
that  time  (that  is,  slow  cooling)  does  not,  in  all  cases  at  least,  con- 
tinue to  increase  graphite,  AVe  have  expressed  the  opinion  that 
silicon  of  itself  shrinks  much  more  than  iron,  and  thus  we  account 
for  the  high  shrinkages  of  silicon-irons.  This  may  account  also  for 
the  square  bar  shrinking  more  than  the  thin  bar;  but  we  shall  ven- 
ture another  opinion  in  addition  to  this  :  Silicon  seems  sometimes 
to  form  a  compound  with  combined  carbon,  and  in  so  doing  pre- 
vents the  further  formation  of  graphite.  In  another  part  of  this 
paper,  discussing  the  grain  of  the  iron,  this  action  will  be  made 
apparent.  In  foundry-practice,  when  a  mixture  of  irons  is  made  to 
bring  the  silicon  up  to  the  desired  percentage,  castings  will  occasion- 
ally be  produced  having  the  entire  surface  gray  to  the  depth  of  ^  to 
I  inch,  while  the  center  of  the  casting  is  perfectly  white,  with  so  much 
shrinkage  as  to  be  full  of  minute  cracks.  Analyses  of  these  parts 
of  the  casting  show  substantially  the  same  chemical  constitution. 
Fig.  1  is  a  drawing  of  such  a  casting.  A  sample  of  this  iron  was 
analyzed  by  Mr.  Eliot  A.  Kebler,  with  the  following  results : 

White  inside.  Gray  outside. 

Per  cent.  Per  cent. 

Graphite, 1.307  1.874 

Combined  carbon, 2.554  1.754 

Silicon, 2.742  2.846 

Manganese, 501  Not  est. 

It  is  evident  that  the  total  carbon  was  high  in  the  casting  as  a 
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whole.  The  gray  surface  had  cooled  rapidly,  and  enough  of  the 
carbon  had  changed  to  graphite  to  form  a  light-colored  gray  grain. 
The  white  central  portion  is  so  sharply  divided  from  the  gray  that 
it  can  be  split  away  from  it.  It  contains  a  little  more  carbon  than 
the  gray  part,  about  one-third  of  which  is  graphitic,  while  in  the 
gray,  one-half  is  graphitic.  In  both  cases  the  combined  carbon  is 
high.  Silicon  is  practically  the  same  in  both  parts,  and  other 
analyses  show  manganese  to  be  the  same.  Still  another  analysis 
showed  that  sulphur  and  phosphorus  were  practically  alike  in  both. 
Why,  then,  did  the  central  part,  which  had  the  longest  time  to  cool, 
turn  white,  with  2f  per  cent,  of  silicon,  if  not  for  the  reason  that  the 
silicon  and  combined  carbon  united  to  form  this  intensely  white  com- 
pound, which  was  so  compact  that  it  could  cover  up  the  ^  graphite? 
This  leads  to  the  interesting  question,  which  we  will  not  here  pause 
to  discuss,  How  can  so  much  graphite  remain  invisible  ? 


Fig.  1;. 

Such  an  explanation  of  the  action  of  silicon  and  carbon  will 
account  for  the  great  shrinkage  and  also  the  hardness  of  high- 
silicon  irons.  .  As  an  example  of  the  same  thing,  Mr.  Orton  made  a 
ferro-silicon  containing  over  9  per  cent,  of  silicon,  which  was  a  true 
mottled  iron,  showing  much  white.  The  samyle  of  Wellston  white 
iron  (test  42),  which  we  have  mentioned  in  former  papers,  contained 
2  per  cent,  of  silicon. 

Irons  low  in  silicon  and  high  in  combined  carbon  have  more 
shrinkage  in  the  thin  than  in  the  square  bar,  and  the  thin  bar  is 
the  whiter.  When  the  excessive  shrinkage  is  from  combined 
silicon,  the  shrinkage  of  the  thin  bar  will  be  as  little  or  even  less 
than  that  of  the  square  bar,  and  the  thin  bar  will  be  darkest. 

An  iron  that  can  hold  a  large  amount  of  silicon  and  not  tend  to 
form  compounds  of  silicon  and  carbon,  and  does  not  liberate  all  the 
graphite  at  the  instant  of  crystallization,  but  liberates  graphite  a 
little  later,  will  shrink  less  than  any  other  iron,  because  the  continued 
formation  of  graphite  more  than  counteracts  the  shrinkage  due  to  the 
silicon.  We  have  found  irons  of  this  kind  which  contained  as  much 
as  5  per  cent,  of  silicon  and  which  shrank  as  little  in  our  bars  as  .120 
inch.  Such  irons  have  a  very  fine  and  compact  grain,  and  make 
strong  castings. 
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YI.  The  Influence  of  Silicon  upon  Hardness. 

Tlio  «;eiieral  subject  of  the  hardness  of  metals  has  been  ably  pre- 
sented in  a  paper  by  Prof.  Turner,*  in  which  he  not  only  gives 
the  hislory  of  the  methods  pursued  by  others  in  determining  hard- 
ness, but  describes  his  own  scleroraeter  and  gives  directions  for  its 
use. 

For  determinations  of  hardness  we  employ  this  apparatus,  having 
procured  from  Prof.  Turner  the  diamond,  and  a  standard  scratch 
made  upon  a  strip  of  ])latinum,  that  we  might  make  our  re- 
sults conform  to  his  standard.  We  have  proved  the  accuracy  of 
our  work  by  having  more  than  fifty  specimens  numbered,  and, 
without  knowing  what  the  irons  were,  determining  the  hardness,  and 
then  arranging  the  results  in  the  graj)hic  form  of  Table  XVII. 

The  correspondence  of  these  results,  with  what  we  know  regard- 
ing the  mechanical  properties  of  the  irons,  was  proof  that  the  ma- 
chine produced  a  correct  record.  The  results  shown  in  this  table 
will  be  a  surprise  to  many,  and  will  greatly  modify  the  reputation 
that  silicon  has  attained  as  a  softener. 

Silicon  has  been  considered  a  softener  when  added  to  hard  cast- 
iron.     Is  this  a  fact? 

Silicon  changes  carbon  from  the  combined  form,  which  is  hard, 
into  graphite,  which  is  soft.  Graphite  in  cast-iron  divides  the 
mass  and  thus  allows  the  tool  to  cut  the  intervening  thin  webs  of 
metal.  From  2  to  5  percent,  of  silicon  will  change  into  graj)hite 
about  all  of  the  combined  carbon  that  can  be  so  changed.  This 
change,  we  know  from  experience,  reduces  hardness.  The  series  of 
irons  of  which  the  hardness  is  shown  in  Table  XVII.  are  the  same 
which  are  considered  elsewhere  in  this  paper,  and  also  in  the  paper  on 
ferro-silicon,  read  at  the  Buffalo  meeting  of  the  Institute,  October, 
1888. t  The  two  series  at  the  top,  and  the  two  at  the  bottom  of  Table 
XVII.,  exhibit  the  decrease  of  hardness  brought  about  by  the  change 
of  carbon  to  graphite. 

We  shall  soon  prove  that  silicon  of  itself,  however  small  the 
quantity  present,  hardens  cast-iron  ;  but  the  decrease  of  hardness 
from  the  change  of  the  combined  carbon  to  graphite  is  so  much 
more  rapid  than  the  hardening  produced  by  the  increase  of  silicon, 

*  Froeeedings  of  the  Birmingham  Philosophical  Society,  vol.  vi.,  Part  II. 

f  For  diagrams  showing  other  physical  characteristics  of  the  irons  called 
"softeners"  in  Table  XVII.,  consult  tlie  chart  in  a  paper  describing  the?e  tests, 
imblislieil  in  the  Iron  Age,  May  31st,  1888,  p.  886,  and  there  find  also  a  drawing 
of  our  Turner  machine. 
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tliat  tlie  total  effect  is  to  decrease  liardness,  until  the  silicon  reaches 
from  2  to  5  per  cent. 

As  j>rac(ical  foundry-work  docs  not  call  for  more  than  3  j^er  cent, 
of  silicon,  the  ordinary  use  of  silicon  does  reduce  the  hardness  of 
castings;  but  this  is  produced  through  its  influence  on  the  carbon, 
and  not  its  direct  influence  on  the  iron. 

We  see  in  all  the  series  that,  after  the  bulk  of  the  carbon  has  be- 
come gra{)hitic,  any  further  addition  of  silicon  hardens  cast-iron.  If 
graphite  is  still  increasing,  the  increase  is  so  slow  that  the  total  effect 
is  nevertheless  one  of  hardening,  and  this  hardening  is  so  uniformly 
ap[)arent  as  to  convince  us  that  it  is  the  direct  effect  of  silicon. 
In  each  series  hard  irons  appear  at  each  extremity;  but  the  cause 
of  the  hardness  at  the  beginning  is  combined  carbon  ;  at  the  end, 
excessive  silicon. 

The  hardness  of  white  iron  deficient  in  silicon,  such  as  our 
white  base  (test  376),  which  has  a  hardness  of  105,  is  due  to  com- 
bined carbon.  Prof.  Turner's  white  base  had  a  hardness  of  72,  also 
produced  by  combined  carbon.  Probably  the  reason  that  the  hard- 
ness in  the  latter  is  less  than  in  376,  is  that  the  iron  contained  less 
combined  carbon,  as  well  as  total  carbon,  than  376.  We  infer  from 
this  and  from  other  tests  that  the  greater  the  percentage  of  combined 
carbon  in  a  cast-iron  the  greater  the  hardness. 

The  changing  of  the  combined  into  graphitic  carbon  diminishes 
hardness  more  rapidly  than  anything  else.  In  each  series  we  see 
that  when  this  change  has  ceased  to  diminish  hardness,  say  at  from 
2  to  5  per  cent,  of  silicon,  the  hardening  by  the  silicon  itself  becomes 
more  and  more  apparent  as  the  silicon  increases.  That  this  increase 
of  hardness  is  not  due  to  a  recombination  of  the  carbon  is  proved  by 
the  analyses  of  the  irons  produced  by  Prof.  Turner,  and  is  proved 
more  conclusively  by  the  analyses  of  "Pencost"  10  and  12  per  cent, 
ferro-sil icons  (401  and  403).  In  the  10.34  per  cent,  metal,  the 
combined  carbon  is  only  0.07  and  yet  the  hardness  is  95.  In  the 
12.08  per  cent,  metal,  the  combined  carbon  is  only  0.06  and  yet  the 
hardness  is  slightly  more.  In  the  14  per  cent,  iron,  combined 
carbon  is  still  low,  and  yet  hardness  is  120.  The  same  is  true  of 
the  16  per  cent,  metal,  with  hardness  135.  This  is  the  hardest  iron 
we  have  found. 

We  now  come  to  a  most  important  part  of  this  subject.  After 
constructing  Table  XVII.,  it  was  natural  to  expect  that  hardness 
would  correspond  with  some  of  the  other  characteristics  of  the  same 
irons,  as  exhibited  in  previous  tables.     We  expected  a  similarity 
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between  hardness  and  chill,  and  were  surprised  to  find  no  connec- 
tion between  the  two.  Strength  and  hardness  are  not  enough  alike 
to  point  to  a  common  cause ;  that  is,  we  cannot  say  that  a  weak  iron 
is  always  hard  and  a  strong  iron  always  soft. 

But  when  we  compared  shrinkage  and  hardness  we  found  them 
almost  exactly  proportional,  and  we  feel  safe  in  saying  that  when 
silicon  varies,  and  other  elements  do  not  vary  materially,  castings  with 
low  shrinkage  are  soft;  and  that  as  shrinkage  increases,  the  castings 
grow  hard,  in  almost,  if  not  exactly,  the  same  proportion.  For  ordi- 
nary foundry -practice  we  can  therefore  make  the  scale  of  shrinkage 
also  the  scale  of  hardness,  provided  variations  in  sulphur,  and  phos- 
phorus especially,  are  not  present  to  complicate  the  result. 

The  importance  of  this  discovery  is  at  once  apparent.  Without 
specially  preparing  a  casting,  its  shrinkage  can  be  measured  with 
the  greatest  accuracy  by  a  person  with  little  experience  in  testing, 
as  soon  as  it  is  cold  ;  while  great  experience  is  required  to  test  the 
hardness  of  cast-iron  by  any  other  known  method.  For  a  Turner 
machine,  the  most  satisfactory  of  all  methods,  the  specimen  must  be 
very  carefully  prepared.  The  observation  must  be  made  in  a  very 
careful  manner,  under  peculiar  conditions,  and  the  eye  and  judgment 
of  the  operator  play  an  important  part  in  the  result.  Measuring 
of  shrinkage  is  simple,  positive  and  correct. 

We  shall,  in  future  papers,  show  that  low  shrinkage  does  not 
always  indicate  that  an  iron  is  soft.  For  general  every -day  practice, 
however,  shrinkage  seems  to  be  the  best  scale  for  hardness.  We  do 
not  refer  to  what  is  called  "  more  or  less"  shrinkage  from  mere  in- 
spection of  the  pig,  but  to  actual  measurement  of  a  test-bar  made 
from  the  pig. 

VII.  The  Influence  of  Silicon  upon  the  Chilling 

Quality. 

Molten  cast-iron  in  contact  with  a  body  that  rapidly  abstracts  its 
heat,  becomes  white  or  "chills"  at  and  near  the  surface  of  contact. 
This  chill  varies  in  depth  with  a  certain  quality  of  the  iron.  Not 
all  irons  will  "chill."  The  term  "  chilling  irons  "  is  generally  ap- 
plied to  such  as,  cooled  slowly,  would  be  gray,  but  cooled  thus  sud- 
denly assume  the  character,  either  to  a  depth  sufficient  for  practical 
utilization  [e.g.,  in  car-wheels)  or  only  so  far  as  to  be  detrimental. 
Many  irons  chill  more  or  less  in  contact  with  the  cold  surface  of  the 
mould  in  which  they  are  cast,  especially  if  they  are  thin.  Some- 
VoL.  XVII. — 45 
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times  this  is  a  valuable  quality,  but  for  general  foundry  purposes  it 
is  desirable  to  have  all  parts  of  a  easting  an  even  gray. 

Silicon  exerts  a  very  powerful  influence  upon  this  property  of 
irons,  partially  or  entirely  removing  their  capacity  of  chilling. 
Examining  Table  XVIII.  we  see  that  the  chill  does  not  decrease, 
except  in  intensity,  until  the  silicon  reaches  2  per  cent.  At  each 
addition  the  chill  changes  from  a  lamellar  zinc-chill  at  first  to  a 
finer  and  more  silky  surface,  until  in  the  2  per  cent,  bars  the  gray 
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is  sufficient  to  permit  the  depth  of  chill  to  be  measured.  The  chill 
decreases  as  silicon  increases,  until  as  the  silicon  becomes  very  high 
the  combination  of  silicon  and  combined  carbon  that  we  have  before 
spoken  of  (if  . 'such  a  combination  is  the  explanation)  forms  a  new 
chill. 
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Table  XIX.  shows  the  chills  of  the  four  series  and  the  pig-irons 
previously  examined.  We  see  that  as  silicon  increases  the  chill  de- 
creases. This  is,  however,  not  alone  the  effect  of  the  percentage  of 
silicon  present,  but  equally  of  the  state  of  the  carbon  in  the  iron  to 
begin  with.     This  consideration  accounts  for  the  lack  of  a  regular 
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decrease  in  the  pig-irons.  The  chill  in  these  pig-irons  depends  more 
on  some  influence  during  the  smelting,  which  caused  the  proportion- 
ing of  the  combined  and  graphitic  carbon,  than  upon  any  difference 
in  chemical  constitution. 

In  the  above  table  the  gray  base  alone  has  a  chill  about  |  inch 
deep.  As  it  contained  1^  per  cent,  of  silicon,  the  further  addition 
of  another  equal  amount  brings  the  chill  down  to  less  than  |  inch. 

To  show  more  clearly  that  it  is  not  the  percentage  of  si li^n  alone, 
but  also  the  peculiar  state  of  the  carbon,  that  determines  the  depth 
of  chill,  we  introduce  Table  XX.,  representing  the  chills  of  the  2| 
per  cent,  silicon  series  used  before.  If  the  removal  of  chill  is  the 
thing  desired,  there  is  reason  for  a  careful  selection  of  the  ferro-silicon 
by  which  the  silicon  is  added.  In  all  these  tests  the  F^M  base  with 
a  f-inch  chill  was  used. 
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If  we  were  to  use  for  foundry-castings  irons  taking  a  deep  chill 
we  should  not  be  able  to  take  out  all  the  chill  by  the  addition  of 
silicon,  as  this  would  take  more  than  3  per  cent.  Si,  which  has 
already  been  shown  to  be  too  high  for  a  foundry-mixture.  There- 
fore, to  obtain  castings  without  chill  the  initial  irons  should  have 
the  least  possible  amount  of  chill.  Again,  silicon  cannot  be  de- 
pended upon  to  give  unvarying  results.  The  tendency  of  the  carbon 
is  to  hold  persistently  to  the  state  in  which  it  exists  in  the  pig.  A 
certain  percentage  of  silicon  in  the  casting  or  in  the  pig  does  not  by 
any  means  insure  an  iron  of  a  given  grain,  or  of  a  given  depth  of 
chill. 
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It  is  SO  absolutely  impossible  to  know  the  peculiar  disposition  of 
the  carbon  in  pig-iron  bought  in  the  open  market,  and  therefore  to  be 
able  to  judge  iiow  much  silicon  will  produce  a  given  effect,  that  the 
only  satisfactory  way  is  to  purchase  pig-iron  that,  used  alone,  will 
give  as  nearly  as  possible  the  desired  qualities  to  the  castings.  It  is 
then  an  easy  matter  to  tone  up  the  iron  with  a  little  silicon,  if  nec- 
essary. As  a  general  rule  high-silicon  irons  do  not  show  any  chill 
when  meited  alone. 


yill.  The  Influence  of  Silicon  upon  Fluidity. 

Under  this  head  we  can  do  little  more  than  produce  the  records 
of  fluidity  of  the  irons  already  considered. 

These  records  are  a  measure  in  inches  of  the  length  that  a  strip  j^ 
inch  thick  will  run  when  poured  from  one  end  lying  horizontal. 
The  mould  is  12  inches  long.  We  cannot  as  yet  think  of  any  better 
test.  If  the  temperature  of  the  melted  iron  is  less  at  one  time  than 
another,  the  fluidity  for  that  cast  is  less.  In  judging  of  the  fluidity 
of  any  given  brand  of  iron  we  take  the  average  of  a  large  number 
of  tests.     The  result  in  Table  XXI.  seems  to  prove  that  when  sili- 
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con  is   mixed  with  irons   previously  low   in  silicon  the  fluidity   is 
increased.     Table  XXII.   proves  the  same  thing,  and  brings  out 
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another  point,  viz. :  Tlie  fluidity  is  somewhat  dependent  upon  the 
amount  of  graphite  there  will  be  in  the  final  casting. 

On  account  of  the  large  amount  of  graphite  introduced  with  the 
4  per  cent.  Pencost,  though  the  percentage  of  silicon  is  the  same 
as  in  the  first  series,  we  see  that  the  fluidity  is  slightly  greater.  The 
two  F^M  series  contain  much  more  carbon  and  more  graphite  than 
the  white  series,  and,   as  we  would  expect,   we   find    the  fluidity 

Table  XXIII 


Name  of 
FERRO  SILICON 
used  with 
FLM. 

a 
o 

> 

i 

1 

8 

a 

&4 

a 
2 

Q 

1 

1 

"S 
1 

S 

"3 

1 

9 

■1^ 

8 
a 

SILICON 
111  Ferro  Silicon 

^o 

■;o 

e4 

^ 

i 

i 

CT3 

s 

§ 

^ 

NO.  TEST. 

Ul 

350 

44S 

449 

450 

45i 

452 

453 

454 

455 

456 

354 

Inches 
Q 
b. 

10 

' 

5 

0 

greater.  The  graphite  in  the  4  per  cent.,  being  less  than  in  the  10 
per  cent,  ferro-silicon,  the  fluidity  of  the  fourth  series  should  be, 
and  is,  greater  than  that  of  the  third.  We  have  before  remarked 
that  silicon  introduced  while  the  iron  is  in  the  blast-furnace  acted 
more  forcibly  than  when  artificially  introduced.  In  this  table  the 
series  of  pig-irons  show  this  to  be  true. 

Table  XXIII.  shows  that  it  is  not  the  percentage  of  silicon,  but 
the  state  of  the  carbon  and  the  action  of  silicon  through  other 
elements,  which  causes  the  iron  to  be  fluid.  Of  this  proposition 
Table  XXIV.  presents  further  proof,  showing  that  too  much  silicon 
may  cause  the  iron  to  be  thickly  liquid.  This  table  gives  results 
from  Pencost  iron. 

Table  XXIV 


>-  !5 
o   z 

D     " 
"     L. 

o 

Silicon  in  Test-Bar 

4.35 

6.75 

S.07 

9.27 

10.29 

10.S3 

11.63 

Jst.  Remelt 

NO. TEST 

39? 

m 

399 

400 

401 

402 

403 

l-i^^ 

9.75 

9.00 

4.50 

7.50 

7.37 

7.75 

£^  iiars 

2nd.  Remelt 

M  Bars 

10.62 

8.37 

7.37 

9.50 

9.12 

6.62 

S.OO 

N0.TE8T 

405 

406 

407 

408 

409 

410 

411 

Silicon  in  Test-Bar 

4.25 

6.57 

7.99 

9.31 

10.24 

10.76 

11.48 

Silicon-irons  have  always  had  the  reputation  of  imparting  fluidity 
to  other  irons.     This  comes,  no  doubt,  from  the  fact  that  up  to  3  or 
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4  per  cent,  tlioy  increase  the  quantity  of  graphite  in   tlie  resulting 
casting. 

IX.  The  Influence  of  Silicon  upon  Grain. 

Under  tliis  head  we  einj)h)y  the  fracture  of  the  chilled  end  of  the 
square  test-bar,  as  a,  Fig.  2,  to  show  the  grain  of  the  chill,  as  well 
as  the  appearance  of  the  transition  from  chill  to  gray ;  also,  the 
fracture  of  a  thin  strip,  b,  witii  a  rib  on  its  under-side  which  is  a 
very  sensitive  indication  to  the  eye  of  any  slight  variation  in  the 
quality  of  the  metal;  also  the  fracture  of  the  thin  bar,  c,  which  was 
cast  with  the  square  bar.  (Of  this  and  the  ribbed  bar  the  accom- 
panying figures  show  only  one-half  of  the  bar ;  but  the  two  edges 
of  the  thin  bar  are  hardly  ever  alike.)  We  also  show  the  central 
cross-fracture  of  the  square  bar  d. 

The  fracture  of  these  sections  indicates  to  the  eye  the  effects  which 
have  been  described  in  previous  parts  of  this  paper,  and  shows  the 


^ 

c     • 

^ 

c 

0 

IP 

« 

influence  of  the  silicon  upon  the  carbon ;  and  of  the  silicon  itself  in 
the  change  of  color  and  in  the  altered  character  of  the  crystallization. 
Fig.  2  shows  the  perfectly  white  fractures  of  our  white  base,  and  a]§o 
the  blow-holes  almost  always  present  when  the  metal  is  melted  alone. 
(The  corner  d  was  lowest  in  the  mould.)  Fig.  3  siiows  the  fracture 
of  F^M,  gray  base.  The  chill,  a,  is  from  J  to  |  inch  deep.  The  edges 
of  both  the  ribbed  strip,  6,  and  thin  strip,  c,are  white,  the  center  being 
a  very  light  gray.  Observe  that  the  gray  is  surrounded  by  the 
white,  indicating  that  the  coldness  of  the  mould  caused  the  white- 
ness, and  that  the  separation  of  graphite  at  the  center  was  on  account 
of  the  center  being  hot  longest.  The  cross-fracture,  d,  is  in  this  case 
darker  at  the  corners  and  in  the  center,  showing  most  combined  car- 
bon between  these  portions.  Quite  often  in  this  iron  this  is  re- 
versed, the  center  being  light  and  the  corners  having  a  slight  chill. 
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Often  with  this  base  the  strips,  6  and  c,  are  almost,  or  wholly,  white. 
The  chill  is  like  zinc-crystallization,  only  more  silky.  Irregular 
white  and  dark  patches  mix  where  the  chill  ends.  In  our  tests  it 
is  the  change  in  appearance  of  the  fractures  of  these  two  base- 
irons  of  Figs.  2  and  3  that  shows  the  influence  of  silicon. 

It  is  extremely  difficult  to  show  the  grain  of  a  ferro-silicon.  Fig. 
4  represents  reasonably  well  the  fracture  of  10  per  cent.  Pencost 
(401).  Other  ferro-silicons  would  be  more  or  less  flaky,  or  more  or 
less  white  with  still  a  flake,  or  a  black  surface  covered  with  shining 
dust,  or  with  flakes  so  small  as  to  look  very  little  like  flakes.  Ferro- 
silicons  generally  show  no  chill,  but  carry  the  same  grain  to  the  chill- 
surface,  and  the  same  grain  in  the  thin  as  in  the  thick  castings. 

To  illustrate  the  change  produced  by  silicon  we  will  give  the  ap- 
pearance of  the  fractures  of  the  bars  in  the  series  in  the  tables  with 
Durabers  340  to  343,  where  silicon  runs  from  IJ  to  3  per  cent.     In 


Fig.  5. 

(34  0) 
/2/0  SI. 


this  series  the  white  base  (Fig.  2),  and  the  ferro-silicon  contain- 
ing 4.36  Si  were  used.  Fig.  5  shows  the  grain  after  silicon  has 
reached  IJ  per  cent.  (340).  The  chill  runs  1 J  inches,  though  black 
grains  begin  to  show  at  ^  inch.  The  strip,  6,  is  tin-white,  as  is  also 
the  thin  strip,  e,  with  the  exception  that  near  the  center  of  the  bar 
the  surface  is  a  light  gray.  The  square  bar  is  composed  of  gray 
and  white  blotches,  irregular  in  shape. 

Fig.  6  is  the  2  per  cent,  member  of  this  series.  The  chill  is 
nearly  flat.  The  change  from  white  to  gray  is  sharper,  and  the 
depth  is  only  one-half  as  deep  as  the  last.  The  strip,  b,  has  the  sur- 
face gray  and  gray  spots  appear  near  the  center.  The  thin  bar,  c, 
has  its  flat  surfaces  gray,  while  the  center  is  white  with  a  faint  mix- 
ture of  gray. 

The  square  fracture  is  a  perfect  mottle,  the  white  lines  being  dim. 
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These  white  net-work  lines  are  more  prominent  at  tliesurAiee  of  the 
casting.  Fig.  7  is  a  representation  of"  the  21  ])0V  cent,  member  of 
this  series.  The  chill  is  only  J  as  deep  as  the  last,  but  more  flat 
and  whit(>,  and  the  division  between  white  and  gray  is  still  sharper. 
The  bar,  h,  and  the  thin  strip,  c,  have  a  gray  center  with  a  light  grain 
at  snrftice,  the  white  increasing  so  that  at  the  edges  tlie  bar  is  white. 
The  gray  centers  are  a  beautiful  mottle.  The  square  fracture  isstil) 
darker  than  the  2  per  cent,  fracture,  and  the  white  thread  lines  of 
the  mottle  are  more  indistinct. 

Fig.  8  is  the  3  per  cent,  member  of  this  series.  The  bars,  6  and  c, 
are  gray  mottle,  but  the  white  at  the  edges  is  more  prominent  than 
in  the  last  set,  also  instead  of  white  surfaces  this  set  has  black  soft 
surfaces,  showing  more  graphite  at  the  surface  than  the  2J  series. 
This  shifting  of  the  graphite  from  one  part  of  the  casting  to  another 
is  a  peculiarity  of  silicon-iron  when   mixed   with  other  irons.     To 


illustrate  further  this  last-mentioned  tendency  of  silicon,  drawings 
of  a  few  of  the  2|  silicon  series  will  be  shown.  A  drawing  of  each 
member  of  this  series  would  be  interesting,  as  no  two  are  alike;  but 
the  whole  raav  be  grouped  under  three  general  kinds  of  fracture. 

Fig.  9,  which  is  the  fracture  of  448,  fairly  represents  also  452, 
453  and  454.  The  chill  is  white,  fine  and  silky,  and  J  of  an  inch 
deep.  The  strip,  6,  is  a  common  fracture  in  silicon  mixtures  where 
only  two  irons  are  used.  The  surfaces  are  a  jet  black,  and  the 
center  of  the  rib  intensely  black,  with  silver  dust  appearance.  The 
nose  of  the  rib  is  often  brilliantly  white  and  in  tiiis  case  is  bounded 
by  a  jet  black  surface.  The  thin  strip,  c,  will  bear  the  same  descrip- 
tion, except  that  all  bounding  surfaces  are  black  leaving  white  cores 
near  the  edges.  Tiie  square  fracture  is  a  very  dark  spongy  grain, 
darker  at  corners.     This  set  shows  the  deposition  of  graphite  on  the 
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cooling  surfaces,  and  the  uniting  of  silicon  with  combined  carbon 
in  the  center  (if  this  is  the  correct  explanation).  These  intensely 
black  surfaces  would  indicate  to  the  eye  the  softest  black  grain,  and 
that  the  silver  dust  might  be  brushed  off;  but  the  scratch  of  a  sharp 
point  brings  out  a  pure  silver-white  line,  showing  that  the  silver 
grains  are  the  pure  metal  shining  through  the  thin  black  coating. 
The  metal  if  polished  is  very  white  and  the  grain  very  dense.  The 
peculiar  colors  and  the  variation  in  the  depth  and  appearance  of 
chill  in  these  2 J  per  cent,  tests,  show  the  eifect  of  2|  per  cent,  of 
silicon,  only  either  the  silicon  or  the  carbon,  or  both,  in  each  ferro- 
silicon,  is  in  a  different  state,  and  therefore  produces  different  effects. 
Fig.  10  shows  the  fracture  of  test  450,  and  represents  fairly  447, 451, 
455  and  456,  although,  as  we  said  before,  the  proportion  and  shape 
of  dark  and  light  may  vary.  This  ferro-silicon  was  "  Govan,"  and 
we  suppose  it  is  understood  that  the  base  in  all  of  these  2|  per  cent. 


FiG.9. 

(448) 


FiclO. 

(4  5  0) 


mixtures  is  F^M.  The  chill  is  almost  entirely  wanting,  black  grains 
running  clear  to  the  surface.  In  such  a  case  we  average  the  chill, 
and  in  this  case  call  it  ^^  of  an  inch.  Back  of  this  chill  the  grain 
is  intensely  black,  more  like  lampblack.  Further  back  the  true 
grain  appears.  The  strip,  6,  has  intensely  white  edges.  The  grain 
back  of  these  edges  is  like  lampblack,  and  the  grain  is  also  as  black 
on  the  nose  of  the  rib.  Inside  these  dark  parts  is  a  brighter  and 
more  open  grain,  but  at  the  center  is  a  sharply-defined  black  spot. 
The  thin  strip,  c,  has  an  even  open  grain  with  black  edges  and  sur- 
faces. The  square  fracture  is  a  perfect  dark  sponge,  darker  at  the 
corners  and  edges.  The  last  of  the  2|  silicon  series  that  we  shall 
illustrate  is  the  one  where  Dayton  silicon  silvery  iron  is  mixed  with 
F^M.  It  is  shown  in  Fig.  1 1  (449).  We  introduce  this  because  it 
lacks  the  peculiarities  exhibited  in  all  the  other  figures.     The  chill 
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is  nearly  notliing,  yet  is  a  true  chill;  we  average  it  at -^  Jjjy  inch. 
Back  oftlie  chill  for  ^  inch  the  grain  is  a  small  and  distinct  mottle, 
with  each  white  boundary  complete.  Back  of  this  the  grain  is  a 
dark  sponge.  The  strij)s,  b  and  c,  are  a  similar  mottle,  only  the  white 
lines  are  more  distinct  than  in  the  chill  fracture.  The  square  frac- 
ture is  a  perfectly  even,  dark,  spongy  grain.  This  set  of  fractures 
shows  the  most  perfect  grain  of  any  member  of  the  series,  though  a 
2^  per  cent,  cast  with  14  per  cent.  "  Pencost"  ferro-silicon  is  about 
as  perfect. 

We  intended  to  represent  the  grain  of  one  or  all  of  the  four  pig- 
irons  shown  in  the  tables  from  Ih  to  3  per  cent,  silicon;  but  the 
fractures  would  show  exactly  like  Fig.  11,  exce})t  that  the  depth  of 
chill  varies.  Both  144  and  141  have  an  open  spongy  grain,  while 
175  has  an  indistinct  dark  mottle,  and  176  a  larger  and  more  dis- 
tinct motile.  In  all  these  pig-irons  there  is  no  variation  in  the  grain 
in  b,  c,  or  the  square  bar,  except  that  in  144  there  is  a  slight  chill  on 
the  edge  of  6,  and  this  same  strip  in  175  has  a  J-inch  chill  on  each 
thin  edge.  Tests  141  and  176  are  even  gray  throughout.  The 
peculiar  chilling-quality  due  to  silicon  is  apparent  in  all  of  the  tables. 
The  perfection  of  the  grain  of  pig-irons,  and  the  absence  of  the 
peculiarities  observable  in  mixtures,  leads  us  to  say  again  that  it  is 
more  desirable  to  obtain  the  proper  proportion  of  silicon  in  the  pig- 
iron  to  be  used  than  to  seek  to  produce  it  by  subsequent  mixing. 

X.  General  Remarks. 

From  the  statement  in  Prof.  Turner's  papers,  that  the  maximum 
strength  occurs  with  just  such  a  percentage  of  silicon,  and  his  state- 
ment that  a  founder  can,  with  silicon,  produce  just  the  quality  of  iron 
that  he  may  need  ;  and  from  his  naming  the  composition  of  what  he 
calls  a  ty{)ical  foundry-Iron,  some  founders  unacquainted  with  the 
action  of  silicon,  have  inferred  that  if  they  knew  the  percentages  of 
silicon  in  their  irons  and  in  their  ferro-silicon,  they  need  only  mix 
so  as  to  get  2  per  cent,  of  silicon  in  order  to  obtain,  always  and  with 
certainty,  the  maximum  strength. 

We  have  shown  that  the  solution  of  the  problem  is  not  so  simple. 
Each  of  the  irons  which  the  founder  uses  will  have  peculiar  tenden- 
cies, given  them  in  the  blast-furnace,  which  will  exert  their  influence 
in  the  most  unexpected  ways. 

A  review  of  Table  VI.  will  show  how  wide  is  the  range  of 
strength  in  the  five  2  per  cent,  silicon-irons  shown,  due  to  the  pecu- 
liar state  of  the  carbon  in  these  irons  when  they  came  from  the  fur- 
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nace.  There  is  no  typical  composition  for  cast-i^on  made  by  mix- 
ture; in  the  table  referred  to,  the  chemical  composition  of  all  the  2 
per  cent,  irons  is  essentially  the  same,  and  yet  the  tests  show  the 
greatest  diversity  among  them  physically. 

We  have  seen,  however,  that  a  white  iron  which  will  invariably 
give  porous  and  brittle  castings  can  be  made  solid  and  strong  by 
the  addition  of  silicon  ;  that  a  further  addition  of  silicon  will  tura 
the  iron  gray  ;  and  that  as  the  grayness  increases  the  iron  wiW 
grow  weaker;  that  excessive  silicon  will  again  lighten  the  graia 
and  cause  a  hard  and  brittle  as  well  as  a  very  weak  iron ;  that  the 
only  softening  and  shrinkage-lessening  influence  of  silicon  is  exerted 
during  the  time  when  graphite  is  being  produced,  and  that  silicoa 
of  itself  is  not  a  softener,  or  a  lessener  of  shrinkage,  but  through  its 
influence  on  carbon,  and  only  during  a  certain  stage,  it  does  pro- 
duce these  effects. 
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BY   JOHN  BIRKINBINE,    PHILADELPHIA,  PA. 

(New  York  Meeting,  February,  1889;   first  announced  at  the  Birmingham  meeting, 
May,  1888,  but  completed  with  later  figures.) 

The  estimated  product  of  iron-ore  in  1888  throughout  the  world 
was,  in  round  numbers,  £0,000,000  gross  tons,  of  which  the  United 
States  produced  about  one-fourth.  Great  Britain  leads  this  country 
in  production  by  about  15  j)er  cent.,  but  the  out|3ut  of  the  United 
States  is  practically  equal  to  that  of  Spain,  France,  Russia,  Austria 
and  Hungary  combined.  We  produced  last  year  nearly  twice  as 
much  iron-ore  as  Spain,  with  all  her  exports;  and  we  mined  20  per 
cent,  more  than  Germany  and  Luxemburg.  In  addition  to  the 
domestic  iron-ores  consumed  in  this  country,  587,470  gross  tons  of 
foreign  ore  was  imported,  and  the  amount  of  mill-cinder  used  in 
blast-furnaces  is  estimated  at  450,000  gross  tons.  The  total  quan- 
tity of  iron-ore  required  in  1888  for  blast-furnaces,  rolling-mills 
and  other  purposes  in  the  United  States  was  approximately 
12,700,000  gross  tons.  The  purpose  of  this  paper  is  to  indicate  t-he 
principal  sources  of  this  supply,  and  call  attention  to  the  extent  of 
mining  operations  covering  many  years  in  certain  localities,  which, 
although  some  of  them  now,  produce  but  a  small  proportion  of  the 
above  total,  have  in  the  aggregate  added  very  largely  to  the  material 
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wealth  of  the  country,  ami  have  been  of  great  service  in  the  develop- 
ment of  our  iron  industries.  The  actual  figures  have  been  given 
"where  they  are  reliable;  but  for  some  of  the  older  mines  complete 
records  are  unattainable,  and  in  such  cases  estimates  have  been  se- 
cured from  the  best  available  authorities.  Besides  presenting  the 
details,  the  general  features  have  been  grouped  for  more  convenient 
comparison  in  the  accompanying  graphic  chart,  from  which  an  idea 
of  the  development  from  year  to  year,  and  the  present  condition  of 
the  various  sources  of  supply,  can  be  obtained. 

I.    The  Lake  Superior  Region. 

This  is  by  far  the  most  productive  iron-ore  region  in  the  United 
States.  The  output  for  1888  was  5,023,279  gross  tons,  equivalent 
to  about  40  per  cent,  of  all  the  iron-ores  mined  in  the  country. 
The  total  output  since  the  beginning  of  operations  to  the  close  of 
1888  is  very  close  to  41,000,000  tons,  divided  as  follows : 

Total  Product  of  the  Lake  Superior  Region. 


Range. 

First  opened 
in 

Product  gross 

tOIU!. 

Proportion 
per  cent. 

Marquette 

1854 
1877 
1884 
1884 

27,130,419 
8,594,037 
3,586,876 
1,498,209 

66.5 
21.0 

8.8 
3.7 

Menominee 

(jrO"'ebic 

Vermilion 

40,809,541* 

100.0 

The  work  of  the  past  year  is  exhibited  in  the  following  statements 
Iron- Ore  Product  of  the  Lake,  Superior  Region  in  1888. 


Range. 

No.  of 
Mines 
Listed. 

No.  Active 

durins 
the  Year. 

Product. 
Gross 
Tons. 

Increase  or  De- 
crease over  1887. 
Gross  Tons. 

Proportion 

in  1888. 

Per  cent. 

Marquette 

74 

36 

34 

2 

41 

22 

21 

2 

1,921,525 

1,165,039 

1,424,762 

511.953 

61,482  inc. 

34,304  dec. 
139,497  inc. 
117,701  inc. 

38.3 
23.2 
28.4 
10.1 

Menominee 

Gogebic 

Total 

146 

86 

5,023,279 

284,376  inc. 

100.0 

*  To  this  may  be  added  2320  gross  tons  classed   as  miscellaneous  in  the  sta- 
tistical tables. 
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The   product  of  each    range,   except  the  Menominee,  was  the 
largest  in  its  history. 

Range  of  Product  of  Single  Mines  in  1888. 


Range. 

Number  of  Mines  each  producing  in  Gross  Tons, 

over  400,000 

1                          1 
over  200,000  100,000  to  200,000  50,000  to  100,000 

Marquette 

3 
1 

1 

3 

4 
2 

5 
4 

2 
1 

Menonain  ee 

Gogebic 

1 
1 

Vermilion 

• 

Total 

2 

5 

9 

12 

The  Marqueiie  Range. — On  this  range,  the  Lake  Superior  mine 
leads  with  a  total,  from  its  opening  in  1858  to  1888  inclusive,  of 
4,435,356  tons,  the  output  of  1888  being  240,225  tons.  For  nine 
consecutive  years  this  mine  has  produced  over  200,000  tons  annually. 
In  1887  it  shipped  302,909  tons. 

The  Cleveland,  which  ranks  next,  has  produced  since  its  opening 
in  1854  to  1888  inclusive,  3,889,150  tons.  Its  product,  however, 
of  184,316  tons  in  1888  was  less  than  that  of  any  year  since  1879, 
The  maximum,  in  1884,  was  225,674  tons. 

The  Republic  stands  third  in  aggregate  product,  having  mined 
3,038,514  tons  since  1872,  including  235,064  tons  in  1888.  This 
output  has  been  exceeded  by  the  mine  five  times  since  1879,  the 
maximum  being  277,757  tons  in  1884. 

The  Jackson  was  opened  in  1856,  and,  like  the  Cleveland  and 
Lake  Superior,  is  considered  one  of  the  older  mines.  Its  aggre- 
gate to  date  is  2,816,366  tons,  and  its  maximum  output  was  132,297 
tons  in  1871.     It  produced  101,909  gross  tons  in  1888. 

The  Champion  was  opened  in  1868  and  reached  its  maximum  in 
1884,  when  210,180  tons  were  mined.  It  has  contributed  2,082,574 
tons  to  the  total  Lake  Superior  output,  of  which  174,680  tons  was 
taken  out  in  1888. 

The  Lake  Angeline,  opened  in  1864,  had  produced  up  to  the  close 
of  1880  about  500,000  tons.  After  1883  the  product  was  largely 
augmented  and  in  1888  reached  223,600  tons,  the  aggregate  to  date 
being  1,311,706  tons. 

The  above  list  includes  every  iron-ore  mine  in  the  Marquette  range 
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which  has  produced  over  a  million  tons,  except  the  York  (or  New 

York),  the  aggregate  of  which  is  1,0-10,129  tons,  but  wliich  has  been 

practically  inactive  since  1883.     The  Barnnni,  IIuml)oklt,  Michi- 

gamrae,  Salisbury  and  Winthrop  mines,  however,  have  yielded  over 

Ihalf  a  million  tons  each. 

'     Among  the  heavy  ])roducers  during  1888  may  be  mentioned  the 

Cambria   (57,865   tons),  the  Cliff's  Shaft  (78,520  tons)  and   the 

Pittsburgh  and  Lake  Superior  (56,321  tons). 

I     The  Menominee  Range. — The  general  features  in  the  history  of  the 

•leading  mines  on  this  range  to  the  end  of  1888  are  tabulated  as 

follows : 

Product  of  Leading  Mines  in  the  Menominee  Rctuge. 


Chaiiin , 

Vulcan 

Norway 

Dunn 

Florence 

Iron  River 

Com  ni'in  wealth 

Ludinglon 

Mastodon , 

Perkins 


No.  of 

Years' 

Operation. 


9 

12 

11 

o 

b 

7 

9 

9 

7 

10 


Aggregate 

Product. 

Gross  Tons. 


1,938,117 
1,150,882 
1,112,735 
138,925 
545,226 
509,370 
492,043 
630,323 
193,873 
375,474  c 


Maximum  Annual 

Product. 
Year.    Gross  Tons. 


1887 
1887 
1880 
1888 
1882 
1888 
1882 
1885 
1888 
1883 


336,128 
205,036 
198,165 
114,248 
160,155 
110,000 
115,862 
124,194 
51,463 
76,514 


Product  in 

lSb8. 
G^oss  Tons. 


272,278 

129,541 

87,260 

114,248 

142,586 

110,000 

61,818 

61,883 

51,463 

16,684 


a.  Opened  in  1887.  b.  Opened  in  1880.  "Worked  intermittently 
iii  recent  years,  c.  This  is  one  of  the  mines  formerly  ranked  as 
heavy  producers,  but  nov/  of  less  importance.  Of  the  total  given, 
40  per  cent,  was  mined  in  1882  and  1883. 

Xhe  Gogebic  Range. — Here  there  are  six  mines  of  leading  impor- 
tauce  as  producers.  The  first  1000  tons  of  iron-ore  shipped  from  this 
r,ange  in  1884  was  from  the  Colby,  which  has  now  ship])ed  a  total 
of  887,154  tons,  all  of  which,  except  1022  tons,  was  mined  in  four 
years.     The  mine  reached  its  maximum  (285,880  tons)  in  1888. 

The  Norrie  ranks  next  to  the  Colby,  having  in  four  years  sup- 
jjlied  an  aggregate  of  769,713  tons.     This  mine,  however,  took  first 
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rank  in  1888  with  a  yield  of  412,196  tons,  and  the  question  as  to 
whether  the  Xorrie  or  the  Minnesota  Iron  Company's  operation  is 
to  be  considered  the  greatest  producer  in  the  Lake  Superior  region 
depends  upon  whether  a  number  of  openings  are  considered  as  one 
mine  or  not. 

The  Aurora  also  reached  its  maximum  output  in  1888,  viz.,  179,- 
937  tons,  bringing  its  total  up  to  437,991  tons. 

The  Ashland,  with  a  product  for  1888  of  164,134  tons,  was  more 
than  11,000  tons  belo\y  its  maximum  output  in  1887,  but  it  has  in 
four  years  produced  an  aggregate  of  420,181  tons. 

The  Gerraania  was  also  7800  tons  below  its  output  for  1887,  pro- 
ducing in  1888  53,918  tons,  and  making  its  total  for  four  years 
140,834  tons. 

The  Iron  King  has  produced  in  three  years  164,058  tons,  of  which 
60,218  tons  was  mined  in  1888,  and  74,656  tons   in  1887. 

The  Kakagon  yielded  in  1887  52,179  tons,  and  in  1888  but  1228 
tons;  and  the  Puritan,  which  furnished  45,000  tons  in  1887,  was  in- 
active in  1 888.  Although  the  Bessemer,  Ironton,  Nimikon,  Odanah, 
Sunday  Lake  and  Superior,  which  gave  promise  in  1887  of  heavy 
shipments,  were  idle  in  1888,  yet  the  Gogebic  range  maintained  its 
position  next  to  the  Marquette  as  a  producer. 

The  Vermilion  Range. — This  range,  the  fourth  in  order  of  promi- 
nence of  the  mining  districts  of  the  Lake  Superior  region,  has  in  five 
years  contributed  1,498,209  tons,  of  which  511,953  tons  were  sup- 
plied in  1888.  Of  this  amount  457,341  tons  came  from  the  open- 
ings of  the  jSIinnesota  Iron  Company,  and  represent  the  maximum 
output  of  that  organization.  The  remaining  54,612  tons  came  from 
the  Chandler  mine,  as  its  first  contribution  to  the  ore-supply  of  the 
country.  The  product  of  this  mine  was  somewhat  restricted  by  the 
absence  of  shipping  facilities  until  late  in  the  season. 

In  ray  paper  on  the  "  Resources  of  the  Lake  Superior  Region  " 
{Trans.,  xvi.,  168)  will  be  found  statistics  somewhat  similar  to  those 
given  above,  but  covering  the  period  to  the  close  of  1886  only.  A 
comparison  of  the  two  statements  w'ill  emphasize  some  very  im- 
portant changes  that  have  occurred.  The  same  paper  contained  a 
number  of  ore-analyses,  and  a  graphic  representation  of  the  yearly 
product  of  Lake  Superior  region  as  compared  with  the  ])ilbao  dis- 
trict of  Spain  ;  also  a  table  showing  the  annual  product  of  the  Lake 
Superior  and  Bilbao  districts  from  1860  to  1886,  inclusive. 

The  great  quantity  of  ore  handled  in  the  Lake  Superior  region  Is 
the  more  remarkable  when  its  high  percentage  of  iron  is  considered. 
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The  fjroater  portion  of  the  ores  are  red  hematites,  varying  from  the 
soft  to  the  hard  specular  varieties ;  but  some  magnetites  are  obtained, 
and  in  a  few  deposits  the  hydrated  condition  of  the  ore  places  some 
of  it  close  to  or  within  the  limits  of  the  brown  hematites. 

The  distance  from  these  mines  to  blast-furnaces,  and  the  expense 
of  transportation  makes  it  necessary  to  maintain  in  shipments  a 
standard  of  quality  above  the  requirements  of  most  other  iron-pro- 
ducing districts.  This  standard  may  be  considered  as  approximating 
a  yield  of  60  per  cent,  of  iron  when  dried  at  212°  F.,  but  many  of 
the  ores  exceed  this  requirement. 

II.  The  Cornwall  Ore-Banks. 

Notwithstanding  the  magnificent  record  of  the  Lake  Superior  region, 
no  single  mine  or  operation  under  one  management  has  approached  in 
output  the  Cornwall  ore-banks  in  Pennsylvania,  the  yield  of  which 
in  1888  was  722,921  gross  tons.  This  is  the  largest  amount  ever 
taken  in  one  year  from  the  Cornwall  deposit,  whicli  has  been  operated 
for  150  years,  and  has  produced  an  aggregate  of  9,395,922  gross 
tons  of  iron-ore  to  the  close  of  1888. 

The  development  of  this  property  has  naturally  been  stimulated 
by  the  advance  in  iron-production.  The  product  had  not  amounted 
to  a  half-million  tons  in  any  year  until  1885  ;  and  1879  was  the  first 
year  in  which  over  a  quarter  of  a  million  tons  was  mined.  The 
total  product  of  the  past  decade  has  been  4,421,000  tons,  which  is 
nearly  one-half  of  the  aggregate  output  from  the  beginning.* 

The  ease  with  which  the  soft  magnetites  are  mined  from  the 
Cornwall  ore-hills,  and  the  convenience  of  the  deposit  to  fuel-supply 
and  to  blast-furnaces,  would  permit  a  still  greater  output  if  efforts 
were  made  to  distribute  the  sales  of  ore  over  a  larger  area  than  is 
now  the  case.  It  is,  however,  equitable  in  comparing  the  Cornwall 
ore-hills  with'  the  Lake  Superior  region  to  note  the  fact  that  ores 
which  yield  about  the  same  percentage  of  iron  as  the  Cornwall  ore 
are  carried  to  the  waste-piles  at  many  of  the  Lake  Superior  mines, 
and  that  an  output  of  575,000  to  600,000  tons  of  the  average  Lake 
Superior  ore,  as  shipped,  would  produce  as  much  iron  as  the  723,000 
tons  of  the  Cornwall  product. 

The  sulphur  and  copper  in  the  Cornwall  ore  do  not  interfere  with 
its  use  in  producing  Bessemer  iron.     The  former  is  generally  reduced 

*  Yearly  statistics,  from  1854  to  1885,  inclusive,  and  a  general  description  of  this 
remarkable  deposit,  appear  in  Mr.  d'Invilliers'  paper  on  "The  Cornwall  Iron-Ore 
Mines,  Lebanon  County,  Pa.,"  Trans,  xiv.,  873. 
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by  roasting  with  solid  fuel  in  the  Gjers  and  Grittinger  kilns.  Lately 
the  Davis-Colby  kiln  has  been  supplied  with  waste  gases  from  the 
blast-furnace  as  fuel.  The  percentage  of  copper  is  not  sufficient  to 
affect  materially  the  use  of  the  ore. 

III.  The  Lake  Champlain  Region. 

Another  important  supply  of  iron-ore  comes  from  the  deposits  of 
magnetite  in  the  Adirondack  or  Lake  Champlain  region.  These 
ores  differ  from  the  Cornwall  ore  in  being  hard  and  generally  free 
from  sulphur,  which  must  be  removed  from  Cornwall  ore  by  roast- 
ing. ]\Iany  of  the  Lake  Champlain  ores  now  mined  are  of  Bessemer 
quality,  but  some  carry  a  considerable  percentage  of  phosphorus 
and  are  used  for  foundry-iron.  These  ores  are  also  em})loyed  as 
fettling  or  fix  in  pudd ling-furnaces. 

The  ores  shipped  carry  from  55  to  68  per  cent,  of  iron,  but  occa- 
sional masses  of  ore  of  practical  purity  are  obtained  in  mining.  A 
sample  lately  taken  from  a  pile  of  about  400  tons  at  one  of  the 
New  Bed  openings  of  Messrs.  Witherbees,  Sherman  &  Co.,  analyzed 
by  Mr.  T.  R.  Wood  bridge,  shows, 

Iron, 72.00 

Phosphorus, 0.018 

and  daily  analyses  made  by  Mr.  Woodbridge  of  ore  from  this  open- 
ing show  that  in  8000  tons  removed  within  thi'ee  months  the  maxi- 
mum and  minimum  percentages  were  as  follows: 

Iron, 69.20    to  72.04 

Pho.sphoriis, 0.011  to    0.026 

The  Adirondack  Mountain  region  has  many  large  deposits  of 
magnetites,  which  are  unwrought  or  worked  on  but  a  limited  scale, 
because,  in  some  iustancco,  the  distance  from  fuel  prevents  utilizing 
the  lean  ores,  while  in  others  the  ores  carry  titanium  in  such  quan- 
tity as  to  interfere  with  their  development. 

The  production  of  the  Lake  Champlain  district  for  the  last  ten 
years  is  as  follows  : 

Years.  Gross  tons. 

1879, 420,341 

1880, o31,000 

1881 637,000 

1882, 675,000 

1883 500,000 

1884, 504,894 

1885, 379,077 

1886, 588,752 

1887, 768,852 

1888, 789,419 

Total, 5,794,335 

VOL.  xvir. — 46 
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Some  of  the  I^ake  Clmniplai'n  deposits  have  been  operated  for 
nearly  a  century.  The  total  output  of  this  district  to  date  is  esti- 
mated at  15,147,000  gross  tons,  of  which  5,794,000  tons  have  been 
mined  within  the  last  decade.  The  largest  producers  are  the  mines 
at  Minevillc,  near  Port  Henry,  New  York,  from  which  9,150,000 
tons  are  estimated  to  have  been  obtained. 

The  separation  of  iron-ores  is  practiced  to  a  considerable  extent 
in  the  Lake  Champlain  district,  the  leaner  ores  obtained  in  mining 
being  crushed  and  jigged.  In  1888  there  was  shipped  of  this  dressed 
ore  54,048  gross  tons  in  addition  to  what  was  used  locally. 

The  total  product  of  the  Lake  Champlain  district  in  1888  was  as 
follows: 


From  mines  near  Port  Henry,  N.  Y.,  . 
From  mines  of  Cliateaiigay  Ore  and  Iron  Co., 
From  mines  near  Crown  Point, 
From  other  mines,  estimated, 


Total, 


Gross  tons. 

419,009 

250,500 

74,910 

45,000 

789,419 


The  total  product  for  1887  was  768,852  tons. 
This  makes  the  Lake  Champlain  district  outrank  the  Cornwall 
ore-banks  for  the  year  1888. 

IV.   The  New  Jersey  Mines. 

New  Jersey  fell  considerably  behind  former  years  in  1888,  the 
total  being  447.,738  gross  tons,  as  against  547,889  gross  tons  mined 
in  1887.  The  aggregate  product  of  the  New  Jersey  mines  since  their 
opening,  dating  back  into  the  last  century,  is  estimated  by  Prof.  Geo, 
H  Cook  at  16,500,000  gross  tons. 

Most  of  these  ores  are  magnetites,  and  a  majority  of  tliera  carry 
considerable  sulphur,  while  in  others  the  phosphorus  is  high  ;  but 
New  Jersey  also  produces  Bessemer  ores.  The  unique  deposit  of 
Franklinite  (a  mixture  of  oxides  of  iron,  manganese  and  zinc)  is 
generally  included  among  the  iron-mines  of  New  Jersey. 

The  decline  of  the  New  Jersey  mining  industry  is  traceable  to 
competition  at  or  near  the  seaboard  with  foreign  ores,  which  average 
higher  percentages  of  iron  than  the  New  Jersey  ores,  to  the  expense 
of  mining  and  high  royalties,  and  to  the  necessity  of  roasting  many 
of  them  to  reduce  or  eliminate  the  sulphur. 

The  New  Jersey  iron-ore  mines  have  in  the  past  decade  produced 
the  following  quantities: 
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Year  Gross  tons. 

879, 488,028 

880, 745,000 

881 737,052 

882, 932,762 

883, 521,416 

884, 393,710 

885,      .        .        .       .      ' 3  0,000 

886 500,501 

887,      .        .  547,889 

888, 447,738 


V  Total 5,644,096 

V.  Missouri. 

A  district  which  has  become  quite  prominent  as  an  iron-ore  pro- 
ducer is  that  portion  of  Missouri  in  which  the  Iron  Mountain  and 
Pilot  Knob  are  located,  but  the  quantity  of  ore,  chiefly  specular, 
obtained  from  this  district  has  lately  been  less  than  is  generally  sup- 
posed. The  total  amount  shipped  in  1888  was  160,000  gross  tons, 
and  in  the  forty  or  more  years  during  which  iron-ore  has  been  taken 
from  this  district,  a  total  of  about  4,000,000  tons  has  been  obtained, 
of  which  70  per  cent,  came  from  the  Iron  Mountain. 

VI.  The  Southern  States. 

The  rapid  increase  of  iron  production  in  the  South  has  naturally 
given  great  importance  to  that  region  as  an  ore-producer,  but  no 
definite  data  have  been  collected  thus  far  to  show  its  true  position 
by  comprehensive  statistics.  Some  of  the  leading  mines  supply 
figures,  but  for  others  these  are  unobtainable.  We  may,  however, 
deduce  approximately  the  quantity  of  ore  used  from  the  pig-iron 
output  for  the  year,  allowances  being  made  for  the  shipment  of  ores 
from  one  State  to  another.  A  calculation  made  in  this  way  shows 
that  in  1886  the  States  of  Virginia,  North  Carolina,  Georgia,  Ala- 
bama, Tennessee  and  Kentucky  produced  about  1,750,000  gross 
tons,  while  in  1887  the  output  slightly  exceeded  2,000,000  tons. 
The  consumption  of  ore  in  these  States  in  1888  approximated 
2,500,000  gross  tons.  Of  this  amount  fully  70  per  cent,  was  red 
hematite  fossil-ore,  about  25  per  cent,  brown  hematite,  and  probably 
5  per  cent,  magnetite. 

Alabama  contributed  in  1888  about  1,000,000  gross  tons,  Ten- 
nessee about  615,000  tons,  and  Virginia  between  450,000  and 
500,000  tons. 
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VII.  Ohio. 

Oliio,  although  a  very  large  consumer  of  iron-ores,  produces  but 
a  comparatively  small  quantity.  The  total  quantity  of  carbonates 
anil  hematites  mined  in  that  State  during  the  last  three  years  was 
as  follows: 

Year.  Gross  tons. 

1886, 344,484 

1887 377,4()5 

1888 253,352 

VIII.  Minor  Sources. 

For  the  remaining  sections  of  the  country,  which  produce  more 
or  less  iron-ore,  a  brief  reference  will  suffice. 

Maine,  Massachusetts,  Connecticut  and  eastern  New  York  fur- 
nish considerable  amounts  of  brown  hematite,  chiefly  for  local  con- 
sumption. Magnetite  and  carbonate  are  also  obtained  in  eastern 
New  York,  and  a  large  mining  industry  in  red  hematite  and  fossil- 
ores  found  there  is  carried  on  in  the  northern  and  central  part  of  that 
State. 

All  the  various  classes  of  ore  are  liberally  distributed  throughout 
Pennsylvania;  and  the  total  product,  if  it  could  be  obtained,  would 
add  to  that  of  Cornwall  a  large  amount  of  other  magnetites,  as  well 
as  red  hematites,  red  fossil-ores,  limonites  and  carbonates. 

Brown  hematites  and  carbonates  are  mined  in  Maryland,  and 
some  bog-ores  are  obtained  from  Delaware  and  from  the  eastern 
shore  of  Maryland.  A  small  amount  of  fossil-ore  is  mined  in  West 
Virginia,  and  some  brown  hematite  in  Texas.  In  addition  to  the 
Wisconsin  mines  embraced  in  the  Lake  Superior  district,  that  State 
yields  some  fossil-ores  and  brown  hematites,  and  excellent  red  hema- 
tites are  also  obtained  in  central  Missouri. 

Iron-ores  are  mined  in  Colorado,  Oregon  and  Washington  Terri- 
tory for  local  consumption.  The  total  for  Colorado  approximates 
50,000  tons;  the  other  two  regions  are  small  producers. 

IX.  Foreign  Ores. 

Imported  foreign  ores  form  an  important  feature  of  the  supply  for 
our  iron-works.  In  1887  they  amounted  to  1,194,301  gross  tons, 
or  nearly  10  per  cent,  of  all  the  ore  supplied  to  our  blast-furnaces; 
but  in  1888  the  importations  of  iron-ore  decreased  nearly  one-half, 
and  the  amount,  587,470  gross  tons,  was  less  than  5  per  cent,  of  the 
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total  amount  of  iron-ore  consumed.  The  importation,  1,039,433 
tons  in  1886,  and  also  those  in  1881  and  1882  respectively,  were 
greater  than  in  1888. 

Authentic  records,  obtainable  only  since  the  year  1879,  show  for 
the  past  ten  years  an  aggregate  of  6,340,776  gross  tons,  distributed 
as  per  the  accompanying  table  : 

Year.  Gross  tons. 

1879, 284,141 

1880 493,408 

1881, 782,887 

1882 589,655 

1883, 490,875 

1884 487,820 

1885 390,786 

1886, 1,039,433 

1887, 1,194,301 

1888, 587,470 

Total 6,340,776 

X.  Conclusions. 

From  the  foregoing  data  it  is  possible  to  arrange  the  various 
sources  of  iron-ore  supply  according  to  their  output  in  1888.  It  is  not 
claimed  that  the  relative  order  or  the  quantities  mined  are  absolutely 
correct,  but  they  are  as  nearly  so  as  it  is  possible  to  make  them  with- 
out actual  returns  from  numerous  small  mines. 


Relative  Importanae  of  Variouii  Districts  in  1888. 


Gross  tons  mined 


Order.  Xame. 

1.  Marquette  range,  Lake  Superior  region, 

2.  Gogebic  range,        "  "  " 

3.  Menominee  range,  "  "  " 

4.  Alabama  (estimated),     . 

5.  Lake  Champlain  district.  New  York, 

6.  Cornwall  ore-hills,  Pennsylvania, 

7.  Other  Pennsylvajiia  mines  (estimated), 

8.  Tennessee  (estimated),  . 

9.  Foreign  ores;  .... 

10.  Vermilion  range,  Lake  Superior  region 

11.  Virginia  (estimated), 

12.  New  Jersey, 

13.  Ohio, 

14.  Missouri,! 


in  1888. 
,921,525 
,424,762 
,165,039 
,000,000 
789,419 
722,921 
700,000 
615,000 
587,470 
511,953 
450,000 
447,738 
253,352 
160,000 


*  The  total  output  of  Pennsylvania,  including   the  C!ornwall  ore-hills,  would 
probably  make  that  State  rank  as  third,  and  next  to  the  Gogebic  range, 
f  Shipments  from  Iron  Mountain  and  Pilot  Knob  only. 
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The  important  position  which  various  districts  hold  as  contribu- 
tors to  our  mineral  wealth  will  also  appear  from  the  total  amount  of 
ore  which  is  estimated  to  have  been  taken  from  them,  thus : 


Total  Estimated  Output  to  Date. 


Marquette  range,  Lake  Superior  region,  . 
New  Jersey  (estimated),  .... 
Lake  Champlain  district, .... 
Cornwall  ore-hills,  ..... 
Menominee  range,  Lake  Superior  region, 
Iron  Mountain  and  Pilot  Knob,  Missouri, 
Gogebic  range,  Lake  Superior  region, 
Vermilion  range,  Lake  Superior  region,  . 


Gross  tons. 

27,130,419 

16,500,000 

15,147,000 

9,395,922 

8,594,037 

4,000.000 

3,586,876 

1,498,209 


\ 


The  above  figures  merely  indicate  the  quantities  taken  from  such 
sources  as  could  be  traced.  In  comparing  them  time  must  be  taken 
into  consideration  as  a  factor,  for  iron  mining  has  been  followed 
many  years  in  the  Lake  Champlain  district,  in  New  Jersey,  at  the 
Cornwall  ore-hills,  etc.,  while  the  industry  of  Menominee  range  is 
but  eleven  years  old,  and  that  of  the  Gogebic  and  Vermilion  ranges 
but  five. 

The  foregoing  history  is  graphically  represented  on  the  accom- 
panying chart,  showing  the  quantities  of  iron-ore  mined  from  year 
to  year,  in  the  Marquette,  Menominee,  Gogebic  and  Vermilion 
ranges  of  the  Lake  Superior  region;  Cornwall,  Pa.;  New  Jersey; 
Lake  Champlain,  New  York  ;  and  the  Iron  Mountain  and  Pilot 
Knob  mines,  in  Missouri ;  and  also  the  importations  of  foreign  ores. 
To  indicate  the  degree  of  statistical  accuracy  which  can  be  claimed 
for  this  summary,  a  few  remarks  should  be  added  concerning  the  data 
from  which  it  has  been  compiled.  The  Marquette  range  commenced 
shipments  in  1854,  but  did  not  reach  200,000  gross  tons  until  1863. 
The  Cornwall  ore  hills  have  been  operated  for  150  years;  but  the 
annual  reports  of  the  Cornwall  Ore-bank  Co.  date  only  from  1864, 
in  which  year  the  output,  166,000  tons,  was  for  eleven  months.  The 
authentic  records  of  the  New  Jersey  mines  cannot  be  traced  back 
continuously  beyond  1870,  although  ore  was  mined  from  them  prior 
to  1800.  A  fire  which  destroyed  the  books  of  one  of  the  large  pro- 
ducers prevents  tracing  the  output  of  the  Lake  Champlain  mines 
further  back  than  1879.  Shipments  commenced  from  the  Menom- 
inee range  in  1877  ;  from  the  Gogebic  and  Vermilion  ranges  in  1884. 
Importations  of  foreign  ore  were  not  reported  before  1879.  Records 
of  the  product  of  the  Iron  Mountain  are  in  existence  for  a  number 
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of  years,  but  those  of  the  other  neighborins;  mines  were  destroyed 
by  fire,  hence  continuous  data  arc  obtainable  as  far  back  as  1884  only. 
It  has  been  impossible  to  collect  corre(!t  figures  from  the  numerous 
mines  which  go  to  make  up  the  total  of  other  districts. 


THE  CONCENTBATION  OF  IBON-OBE. 

BY  JOHN    BIRKINBINE,   nilLADELPniA,   PA.,    AND    THOMAS   A.    EDISON, 
LLEWELLYN,   N.   J. 

(New  York  Meeting,  February,  1889.) 

The  Transactions  already  contain  many  valuable  papers  on  the 
subject  of  ore-concentration,  but  with  reference  more  to  the  treat- 
ment of  other  ores  than  those  of  iron. 

In  this  country  much  money,  labor  and  thought  have  been  de- 
voted to  the  enrichment  of  iron-ores  by  roasting  to  drive  off  sulphur 
and  carbonic  acid,  eliminate  water,  or  make  the  ore  more  friable, 
and  by  washing  and  screening  to  remove  the  clay  and  sand  from 
earthy  ores.  In  concentrating  magnetites  and  hematites  more  has 
been  done  than  is  generally  believed ;  but,  unfortunately,  the  results 
up  to  the  present  time  have  not  been  encouraging.  On  the  contrary, 
so  many  attempts  have  proved  unsatisfactory  that  any  system  of 
concentration  is  now  unjustly  looked  upon  with  doubt,  and  the 
problem  presented  to  individual  mines  must  therefore  be  approached 
with  caution. 

For  many  years  the  magnetites  of  the  Adirondack  region  of  New 
York  State  have  been  roasted,  reduced  to  proper  size  by  means  of 
gang-stamps,  and  jigged  on  screens  in  water.  Latterly  plunger-jigs 
and  rotary -jigs  have  been  introduced,  and  in  some  places  crushers 
and  rolls  have  taken  the  place  of  stamps.  In  one  instance  in  that 
region  a  plant  for  reducing  the  ore  by  crushers  and  rolls  and  sepa- 
rating it  by  magnetism  was  put  up  to  treat  a  titaniferous  ore;  but, 
the  titanium  occurring  as  ilmenite,  the  result  was  unsatisfactory,  and 
the  plant  is  now  being  reconstructed  at  another  mine,  where  apatite 
and  silica  are  to  be  separated  from  the  magnetite.  A  large  concen- 
trating works  was  erected  at  Negaunee,  Michigan,  in  the  Marquette 
region.  Lake  Superior,  to  enrich  the  leaner  specular  ores.  This 
consisted  of  crushers,  Cornish  rolls  and  rotary-jigs.  The  results  ob- 
tained were  not  satisfactory,  and  it  has  been  abandoned. 

Another  plan  to  treat  the  lean  magnetites  from  a  large  dump-pile 
at  Republic,  Michigan,  by  means  of  pulverizers  and  water-jigs  also 
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proved  unsuccessful,  but  the  parties  who  constructed  it  are  reported 
to  have  lost  little  raoney,.  owing  to  the  fact  that  others  stood  ready- 
to  pay  them  a  good  bonus  for  the  privilege  of  hand-picking  the 
dump-pile  at  a  fixed  rate  per  ton  of  ore  won.  This  dump-pile, 
which  is  now  being  hand-sorted,  is  estimated  to  contain  2,000,000  tons 
of  ore  and  rock.  There  were  separated  from  this  mass  in  1888  some 
21,000  tons  of  merchantable  ore,  which,  after  paying  30  cents  roy- 
alty and  §1.85  freight,  netted  the  operators  a  profit  of  50  cents  a 
ton.  The  Bessemer  ore  as  shipped  yielded  62  per  cent,  of  iron. 
About  two-thirds  of  it  was  specular,  and  one-third  magnetic.  The 
contractors  expect  to  ship  40,000  tons  from  this  pile  in  1889,  and  it 
is  estimated  that  an  equal  quantity  can  be  obtained  for  ten  years  to 
come.  A  similar  plan  of  cobbing  the  dump-piles  is  in  operation  in 
other  Marquette  mines  also.  Nearly  30,000  tons  of  hand-picked 
ore  have  been  shipped  in  the  last  three  years  by  one  company 
formed  for  that  purpose. 

These  statements  and  others  which  immediately  follow  are  offered 
to  indicate  that  the  importance  of  re-working  dump-piles  is  becom- 
ing appreciated.  By  reason  either  of  imperfections  in  the  earlier 
operation,  or  of  the  impracticability  of  careful  sorting  underground, 
the  percentage  of  merchantable  ore  in  the  dump-piles  in  many  mines 
represents  a  very  serious  loss  to  the  operator. 

At  the  Champion  mine,  in  the  Marquette  region,  hand  separation 
has  been  carried  on  for  some  time,  but  within  the  last  eighteen 
months  a  complete  system  has  been  adopted  which  is  giving  very 
satisfactory  results.*  The  ore  as  raised  from  the  mine  is  either  No. 
1,  No.  2,  dump,  rock,  or  waste.  The  No.  1  ore  is  mine-sorted,  and 
must  be  absolutely  clean,  usually  carrying  66.5  per  cent,  or  more  of 
iron.  No.  2  ore  varies  from  63.5  to  66.5  per  cent,  of  iron.  The 
remainder  of  the  ore  is  carried  to  sorting-floors,  and  dumped  into  a 
series  of  stalls,  the  rock  and  waste  going  directly  to  the  rock-  and 
waste-piles.  In  each  of  these  stalls  two  men  and  a  boy  have  two 
wrought-iron  cars,  into  which  the  ore  is  carefully  spread  by  a  shovel, 
and  the  various  grades  are  picked  out  by  hand.  Some  of  this  ore 
sorted  from  the  stalls  is  No.  1  "  Champion,"  some  is  No.  2  "  Chelsea," 
and  two  inferior  grades  are  also  produced  :  No.  3,  "  Suffolk,"  car- 
rying 60.00  to  63.5  per  cent,  of  iron,  and  No.  4,  "  Norfolk,"  yield- 
ing 57.0  to  60.0  per  cent.  To  indicate  how  close  this  hand-separation 

*  For  the  details  of  the  method  pursued  in  the  Marquette  region  we  are  indebted 
to  Mr.  Richard  A.  Parker,  M.E.,  of  Marquette,  Michigan. 


730  THE  CONCENTRATION   OF    IRON-ORE. 

may  be  made,  we  may  cite  two  cargoes,  sold  as  "Norfolk  "  grade, 
to  yield  57  per  cent,  of  iron.  The  actual  sampling  of  the  ore 
after  delivery  showed  for  the  two  cargoes  57.09  and  57.12  re- 
spectively. 

In  six  months,  July  1st  to  December  31st,  1888,  about  43,000 
tons  of  material  were  thus  hand-sorted,  the  percentages  of  the  various 
grades  being  as  follows:  No.  1,  17  per  cent.;  No.  2,  11  per  cent.; 
No.  3,  31  per  cent.;  No.  4,  16  per  cent.;  rock,  which  includes 
everything  below  the  "  Norfolk  "  grade,  25  per  cent.  The  quantity 
of  material  handled  per  man  per  day  is  approximately  seven  gross 
tons,  from  which  about  five  gross  tons  of  ore  are  selected  at  an  aver- 
age cost  of  38,6  cents  per  ton  for  labor.  The  price  paid  per  ton  of 
selected  ore  varies  according  to  grade.  The  average  rate  of  wages 
paid  per  day  during  the  time  above  mentioned  was  $1.75. 

The  [)erfection  of  the  system  of  hand-sorting  is  due  to  the  plan  of 
organization,  and  also  to  the  thorough  inspection  by  skilled  assist- 
ant«,  whose  compensation  is  made  up  by  assessing  the  various  con- 
tractors in  proportion  to  the  amounts  of  ore  they  deliver.  An  ex- 
periment in  magnetic  separation  is  about  being  tried  at  this  mine. 

At  the  Iron  Mountain,  Missouri,  wet  concentration  is  now  in  use, 
but  up  to  the  present  time  no  reduction  in  the  size  of  the  ore  is  made 
by  crushers  or  other  means,  the  practice  being  to  hydraulic  the 
dump-piles  or  wash  the  earthy  material  from  the  ore,  size  it  in 
screens,  and  pass  it  through  jigs  arranged  for  each  size  of  mate- 
rial. A  detailed  description  of  the  method  pursued  appears  in  the 
Journal  of  the  United  States  Association  of  Charcoal  Iron  Workers, 
vol.  viii.  p.  38. 

At  the  magnetite  mines  in  Putnam  county.  New  York,  there  are 
two  concentrating  plants,  one  consisting  of  crushers,  rolls  and 
plunger-jigs,*  which  is  now  being  altered  so  as  to  separate  the  ore  by 
magnetism,  and  a  new  plant  in  which  the  ore  is  reduced  by  Ball 
stamps,  washed,  and  passed  through  rotary-jigs.  It  is  understood 
that  a  magnetic  separator  also  will  be  added  to  this  plant. 

At  present  the  largest  producer  of  separated  ore  is  the  Chateaugay 
Ore  and  Iron  Company,  which  at  its  mines  in  Clinton  county,  New 
York,  crushes  the  leaner  material  obtained  in  mining,  and  treats  it 
by  water-jigs,  the  product  being  a  regular  portion  of  the  ore  mix- 
ture of  some  of  our  prominent  eastern  blast-furnaces  making  Bes- 
semer  })ig.     That  the   material   produced   is  satisfactory  has   been 


*  Described  by  Mr.  A.  F.  Wendt,  Trans.,  xiii.,  35. 
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demonstrated  by  Mr.  E.  S.  Moffat,  who  has  used  as  high  as  50  per 
cent,  of  his  ore  burden  of  Chateaugay  separated  ore,  and  each  year 
has  increased  the  consumption.  He  kindly  supplies  the  following 
figures  as  the  amount  of  separated  ore  used  at  the  furnaces  of  the 
Lackawanna  Iron  and  Coal  Company,  at  Scranton,  Pa. 

Gross  tons. 

In  1886, 4,445 

"  1887, 9,765 

"  1888, 22,173 

Mr.  A.  L.  In  man,  general  manager  of  the  Chateaugay  Ore  and 
Iron  Company,  supplies  the  following  data : 

"Prior  to  1886  we  made  separated  ore  in  a  comparatively  small 
way,  which  was  used  in  the  production  of  blooms,  but  in  1886  we 
commenced  its  production  with  more  vigor,  making,  in  1886,  23,885 
tons;  in  1887,  47,324  tons;  and  in  1888,  54,048  tons." 

These  figures  indicate  that  a  market  is  being  found  for  this  finely 
comminuted  ore.  The  holes  in  the  screens  at  the  separating  plant 
of  the  Chateaugay  Ore  and  Iron  Company,  at  Lyon  Mountain,  New 
York,  are  y\  of  an  inch  in  diameter,  but  necessarily  a  large  portion 
of  the  material  is  much  finer.  A  hand-trial  of  the  crushed  ore 
before  it  passed  to  the  jigs  showed  the  average  to  be  30  mesh  ;  of 
the  total  amount  only  14  per  cent,  by  weight  remained  on  a  4-mesh 
sieve,  and  less  than  one-half  of  the  entire  material  was  held  in  a 
screen  of  16  meshes  to  the  inch,  while  8.3  per  cent,  passed  through 
100  or  finer  mesh  screens. 

It  may  naturally  be  expected  that  as  a  rule  blast-furnace  managers 
will  object  to  the  fine  material,  but  it  is  questionable  whether  many 
of  the  ores  now  used  successfully  in  the  blast-furnace  are  not  as  finely 
divided  as  separated  ores.  The  softer  hematites,  which  may  be 
shoveled  up  like  mud,  undoubtedly  are  speedily  converted  into 
sand  by  drying  out  in  the  shaft  of  the  blast-furnace. 

These  soft  ores  are  much  esteemed  by  the  blast-furnace  managers  of 
the  Northwest,  and  where  the  desire  is  to  drive  a  furnace,  the  lump 
ore  is  often  discarded  for  this  fine  material ;  therefore,  indepen- 
dently of  the  character  of  the  ore,  we  may  question  whether  its  finely 
divided  state  should  not  commend  rather  than  condemn  it  for  blast- 
furnace use. 

In  crushing  any  ore  a  considerable  amount  of  fines  is  invariably 
made  which  pass  into  the  furnace.  As  to  the  effect  of  the  separated 
ore  in  the  blast-furnace,  Mr.  Moffat  wrote  on  September  1st,  1888  : 


732  THE   CONCENTRATION   OF   IRON-ORE. 

"My  experience  has  been  chiefly  with  concentrated  Chateaugay 
(Ijake  Champlain)  ore,  and  we  liave  had  so  little  trouble  with  it  that 
I  feel  almost  justified  in  saying  that  I  do  not  know  of  any  difficul- 
ties in  its  use  up  to  say  50  per  cent,  of  the  ore  mixture,  which  Is  the 
most  I  have  tried.  For  the  jiast  two  months  (June  and  July)  we 
have  been  running  the  four  Scranton  blast-furnaces,  which  are  in 
operation,  on  ^  concentrated  Chateaugay  ore.  They  have  worked 
just  as  well  as  when  we  were  using  ordinary  furnace  ores,  no  increase 
of  pressure,  no  irregularities,  and  no  trouble  of  any  kind.  A  few 
days  since  the  quantity  of  concentrated  ore  in  use  on  our  No.  1  fur- 
nace (73  feet  high  X  20  feet  bosh),  was  doubled,  running  it  up 
to  ^  of  the  ore  charge.  The  only  other  change  made  was  a  slight 
decrease  of  limestone;  the  speed  of  the  blowing-engines  and  all 
other  conditions  being  kept  the  same  as  before.  I  rather  expected 
some  increase  of  pressure  at  the  tuyeres,  but  such  has  not  been  the 
case.  The  furnace  was  working  well  before  the  change  was  made, 
and  has  worked  just  as  well  since.  The  fuel  used  is  ^  coke  and  ^ 
Lackawanna  anthracite  coal. 

"During  1887  we  ran  our  No.  5  furnace  (70  feet  X  19  feet)  for 
several  weeks  on  a  '  burden,'  of  which  50  per  cent,  was  concentrated 
Chateaugay  ore.  When  we  made  this  trial  I  anticipated  a  consider- 
able increase  in  pressure  of  blast,  and  in  order  to  meet  this  increased 
the  proportion  of  coke  to  one-third.  I  afterwards  concluded  that 
this  increase  of  coke  was  unnecessary,  as  the  pressure  of  the  blast 
went  down  considerably.  The  furnace  worked  well  on  50  per  cent, 
concentrated  ore  and  showed  no  peculiarities. 

"  None  of  the  concentrated  Chateaugay  ore  is  coarser  than  what 
will  pass  through  a  quarter-inch  hole,  and  most  of  it  very  much 
finer.  As  different  blast-furnaces  work  differently,  I  would  recom- 
mend parties  commencing  the  use  of  concentrated  magnetite  to  try 
a  small  proportion  at  first,  say  ^,  and  then  gradually  increase."* 

Interesting  data  concerning  the  operation  of  the  plant  at  Lyon 
mountain,  where  this  ore  was  prepared,  analyses,  etc.,  are  found  in 
a  carefully  written  and  valuable  paper  by  Messrs.  Maynard  and 
Kunhardt  in  the  School  of  Mines  Quarterly,  vol.  ix.,  No.  2 ;  and  a 
full  description  of  the  plant  was  presented  in  a  paper  by  Mr.  Fred. 
S.  Ruttman,  "Concentrating  Magnetite  with  the  Conkling  Jig  at 
Lyon  Mountain,  New  York"  {Trans.,  xvi.,  609). 


*  Jour.  U.  S.  Ass'n.  Chare.  Iron  Workers,  vol,  viii.,  pp.  25  and  26. 
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The  crushing  system  in  use  is  also  described  in  a  paper  upon  the 
"Blake  System  of  Fine  Crushing"  {Trans.,  xvi.,  753),  by  Mr. 
Theodore  A.  Blake,  who  gives  the  cost  of  crushing  and  sizing  the 
ore  at  34  cents  per  ton  of  crude  material. 

In  all  systems  of  concentration  the  comminution  and  sizing  of 
the  material  to  be  treated  are  of  primary  importance;  and  although 
the  various  methods  will  not  be  discussed  in  this  paper,  it  may  be 
remarked  that  the  degree  of  fineness  to  which  an  ore  will  be  crushed 
for  separation,  and  the  special  machinery  employed,  is  aifected, 

1st.  By  the  size  of  the  grains  or  crystals  in  the  crude  ore. 

2d.  By  the  foreign  matter  which  is  to  be  eliminated,  and  its 
physical  condition. 

3d.  By  the  purpose  for  which  the  concentrate  is  to  be  used. 

4th.  By  the  condition  of  the  ore  and  the  method  employed  for 
separation. 

If  the  ore  to  be  treated  is  a  magnetite  with  large  crystals,  or  if 
the  object  of  separation  is  to  remove  siliceous  material  only,  a  coarser 
sizing  can  be  employed  than  in  other  cases;  for  practically,  complete 
elimination  of  silica  is  not  at  present  essential,  and  in  some  ores  a 
system  of  mechanical  sorting  or  cobbing,  treating  pieces  from  fist  to 
walnut  size,  may  be  practicable.  If,  however,  the  ore  is  dense,  and 
the  crystallization  or  granulation  fine,  or  if  apatite  is  to  be  removed, 
the  reduction  of  size  must  be  carried  further,  so  as  to  separate,  as  far 
as  practicable,  each  particle  of  magnetite  from  the  other  materials. 
In  dephosphorization  by  mechanical  means  a,  few  hundredtJis  of  one 
per  cent,  of  phosphorus  will  determine  whether  the  ore  will  be 
within  or  outside  of  the  Bessemer  limit,  and  hence  influence  its 
commercial  value. 

The  extent  to  which  an  ore  is  to  be  crushed  will  also  be  influenced 
by  the  demand  for  certain  sizes  or  by  the  objection  to  others. 

The  condition  of  the  crude  ore  will  materially  influence  the 
machinery  to  be  employed,  a  dry  or  a  thoroughly  wet  ore  being 
easier  to  manage  than  one  which  is  damp  or  partially  saturated  with 
moisture. 

An  experiment  is  about  to  be  made  in  crushing  ore,  heated  to 
such  an  extent  as  is  believed  will  cause  the  minerals  composing  it  to 
weaken  on  their  cleavage  planes,  thus  facilitating  the  granulation. 

The  problem,  therefore,  is  to  be  determined  specially  for  each  ore 

0  be  treated,  and  consequently  the  particular  form   of  crusher,. 

whether  jaw,  rotative  or  centrifugal,  or  the  combination  of  crushers,. 
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stamps  or  rolls,  and  the  system  of  sizing  must  1)6  such  as  to  meet 
the  })articular  case  under  consideration.* 

In  a  test  made  at.  the  Edison  Laboratory  of  Samson  (Humboldt, 
Mich.)  magnetic  ore  which  had  passed  through  shaking  screens  of 
20  meshes  to  the  inch,  the  quantities  stated  below  were  refused 
by  sieves  of  the  various  meshes  given.  This  ore  was  reduced  by 
the  Gates  crusher  and  Cornish  rolls. 


Meshes  to  one  inch. 

Grammes  refused. 

Percentage  of  total. 

30 

6.060 

2.32 

40 

17.100 

6.55 

50 

8.900 

3.44 

60 

21.500 

8.24 

70 

17.350 

6.65 

80 

12.350 

4.73 

90 

13.500 

5.18 

100 

22.350 

8.57 

110 

12.350 

4.73 

120 

5.700 

2.19 

150 

12.350 

4.73 

160 

24.650 

9.45 

200 

20.500 

7.86 

finer  than  200 

66.150 

25.36 

Total,t      .        .        .      260.810  100.00 

A  test  made  by  Mr.  W.  H.  Hoffman  at  Bayonne,  New  Jersey, 
on  Croton  magnetic  ore  reduced  by  a  Sturtevant  mill,  gave  the  fol- 
lowing proportions  of  sizing : 


Meshes  to  one 

: inch. 

Pounds  refused. 

Percent,  of  Total. 

2  to  6 

5^ 

30.43 

6 

n 

8.69 

10 

1 

5.80 

16 

u 

7.25 

20 

n 

7.25 

50 

2f 

15.94 

No.  60  and 

1  smaller, 
Total,!      . 

.       17} 

24.64 

100.00 

*  In  the  monograph  on  the  "  Dressing  of  Non-Bessemer  Ores,"  by  Messrs.  May- 
nard  and  Kunhardt,  to  which  reference  has  already  been  made,  a  series  of  crushing- 
tests  is  described,  and  the  results  of  sizing  raw  and  calcined  ore  are  given  in  tables 
which  offer  the  most  complete  information  on  the  subject  at  present  obtainable. 

t  Apparent  average,  125  meshes. 

X  Notwithstanding  the  coarse  sizing  this  material  approximated  an  average  of 
30  meshes  per  inch. 
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Magnetic  Concentration. 

At  present,  much  attention  is  devoted  to  the  concentration  of 
iron-ores  by  means  of  magnetism,  a  method  which,  in  view  of  the 
dates  and  numbers  of  patents  already  issued,  cannot  lay  claim  to 
novelty.  The  patents  issued  by  the  United  States  Patent  Office 
appear  to  cover  nearly  every  form  of  apparatus,  but  new  designs  are 
being  rapidly  added. 

The  earlier  inventions  were  adapted  for  separating  iron  from  brass 
and  other  filings  in  machine-works,  etc.,  and  also  for  the  removal 
of  wire  from  grain.  Attempts  to  separate  some  of  the  magnetites 
of  New  York  and  New  Jersey  were  also  made  upwards  of  twenty 
years  ago,  and  experimental  work  was  done  in  separating  the  mag- 
netic iron-sands  of  the  St.  Lawrence  river  and  Long  Island  Sound. 

The  various  inventions  for  separating  iron-ores  by  magnetism 
may  be  grouped  under  two  general  heads,  viz. :  those  which  have 
permanent  magnets  and  those  which  have  a  fixed  or  an  alternating 
current  of  electricity  passed  through  magnets  from  a  dynamo.  These 
groups  may  again  be  classified  into  such  as  receive  the  ore  on  tables 
or  belts  which  pass  under  or  over,  or  which  are  traversed  by  mag- 
nets ;  those  which  consist  of  magnetic  rolls  or  drums  either  receiving 
the  ore  on  their  surface  or  revolving  over  the  ore;  and  those  which 
by  magnetic  influence  draw  the  magnetic  portion  from  a  falling 
mass,  altering  its  trajectory  so  as  to  separate  it  from  the  gangue 
material.  They  may  be  further  subdivided  into  those  which  treat 
the  ore  dry  and  those  which  immerse  the  material  for  concentration 
in  water. 

While  in  some  ores  a  concentration  answering  most  economical 
purposes  may  be  readily  made,  the  physical  structure  of  the  ore 
prevents  a  more  perfect  separation.  In  one  New  York  magnetite, 
a  microscopic  examination,  which  Mr.  E.  K.  Landis  made,  of  the 
ore  after  it  passed  the  crushers,  rolls  and  screens,  proved  that,  how- 
ever fine  the  grain,  it  in  many  cases  consisted  of  pieces  about  j^  ^^ 
an  inch  in  diameter,  showing,  under  the  microscope,  magnetite, 
magnetic  pyrites,  quartz,  and  sometimes  hornblende. 

Dr.  Eugene  Hussak,  in  his  monograph  on  "The  Determination 
of  Rock-Forming  Minerals,"  says :  "  If  several  ferriferous  mineral 
species  occur  in  the  rock  to  be  examined,  e.g.,  magnetite,  ilmenite, 
augite,  biotite,  olivine,  etc.,  they  can  be  separated  from  each  other  by 
varying  the  strength  of  the  current  passing  through  the  electro- 
magnet. At  first,  two  elements  are  used,  then  four,  six,  eight,  and 
finally  ten.     Doelter  has  shown  that  the  minerals  can  be  arranged 
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in  a  series  according  to  their  different  powers  of  being  attracted." 
He  gives  tliirty-three  minerals  and  indicates  their  order  of  attract- 
ability  by  magnets. 

Dana  states  tiiat  magnetite  is  strongly  magnetic  and  sometimes  pos- 
sesses j)oh\rity,  and  that  from  the  normal  proportions  of  one  part  of 
FeO  to  one  Fca^^a  there  is- occasionally  a  wide  variation,  and  thus  a 
gradnal  passage  to  the  sescpiioxide  Fe^03,  He  instances  analyses 
from  Bengal,  India,  in  which  the  proportion  of  Fe^Og  to  FeO  was 
nearly  three  to  one,  in  an  ore  which  was  strongly  magnetic  and 
columnar,  while  another  ore  from  the  same  locality,  in  which  the 
proportion  of  FcgO,  to  FeO  was  three  and  a  quarter  to  one,  was 
granular  and  not  polar  magnetic.  He  also  says  that  hematite  is 
sometimes  attracted  by  a  magnet  and,  occasionally,  even  magneti- 
polar.  Martite,  which  is  supposed  to  be  a  pseudomorph,  mostly 
after  magnetite,  is  reported  as  non-magnetic  or  only  feebly  so,  and 
menaccanite  as  slightly  influencing  the  magnetic  needle. 

The  presence,  therefore,  of  certain  of  these  minerals  will  mate- 
rially affect  the  results  obtained,  as  we  naturally  look  for  a  better 
separation  when  the  material  in  the  gangue  is  but  slightly  attracted 
by  the  magnet  or  practically  insensible  to  its  influence. 

Mr.  Ellis  Clark,  Jr.  {Trans.,  ix.,  451),  describes  a  magnetic  sepa- 
rator in  use  at  Pribram,  Bohemia,  in  which  zinc-blende  is  separated 
from  spathic  iron-ore,  previously  roasted  to  make  it  magnetic,  and 
reduced  to  grains  less  than  one  mm.  (probably  25-mesh). 

The  writer  knows  of  at  least  ten  forms  of  magnetic  ore-separators 
with  which  experiments  are  now  being  made,  and  five  of  these 
may  be  considered  as  having  been  operated  on  a  commercial  scale. 

In  view  of  the  experimental  state  of  some  of  the  apparatus  and 
the  fact  that  the  patents  for  certain  features  are  now  pending,  it  is 
impossible  at  this  time  to  attempt  a  description  of  any,  except  such 
as  have  been  operated  on  a  scale  approximating  commercial  utiliza- 
tion.    Hence,  but  four  general  forms  will  be  considered. 

About  eight  years  ago  attention  was  drawn  to  magnetic  separation 
by  the  treatment  of  some  of  the  sea  sands  upon  our  coasts,  by  pass- 
ing the  material  between  rolls,  the  adjacent  portions  of  which  were 
in  a  magnetic  field,  while  the  opposite  parts  were  without  this  field. 
The  iron  rolls  revolved  on  journals  carried  on  insulated  standards 
wound  with  copper  wire.  By  connecting  these  wires  with  a  battery 
(latterly  with  dynamos)  the  standards  became  electro-magnetic  of 
opposite  polarity  and  the  rolls  were  charged  thereby,  making 
raaffuetic  field  between  the  rolls.  The  ore  being  fed  on  the  rolls 
which  revolved  toward  each  other,  was  carried  around  the  magnetic 
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portion,  adhering  until  it  ])asged  beyond  the  magnetic  influence, 
while  the  non-magnetic  particles  dropped  between  the  rolls. 

The  Buchanan  separator,  which  consisted  of  such  a  pair  of  rolls 
and  a  large  horse-shoe  magnet  properly  wound,  as  shown  in  outline, 
Fig.  1,  was  employed  in  separating  magnetite  from  the  fine  sea-sand 
from  the  shores  of  Long  Island  Sound,  and  an  extensive  plant  was 
sent  to  New  Zealand,  where  the  sea-sand  carries  a  remarkable  amount 
of  finely  comminuted  magnetite. 

A  pair  of  these  rolls  has  lately  been  operated  at  the  Croton  mag- 
netite mines,  near  Brewster,  N.  Y.,  by  the  Messrs.  Cheever,  to 
prepare  concentrates  from  the  waste-piles  of  lean  ore.     The  ore,  a 
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dense  magnetite,  is  reduced  by  jaw-crushers  and  Cornish  rolls  so  as 
to  pass  through  16-mesh  screens.  Average  analyses,  made  by  E.  K. 
Landis,  of  the  lean  ore  left  on  the  waste-piles,  show  the  general 
composition  of  the  crude  ore,  and  the  concentrates  and  tailings 
obtained  from  this  ore  as  follows : 


Concentrations  of  Croton  ( Theal)  Ore,  N,  Y.,  by  Buchanan  Magneiic 

Rolls. 


Crude  ore. 

Concentrates. 

Tailings 

Iron,         .         .     ,     . 

.     37.968 

64.554 

13.207 

Silica,      . 

.     29.30 

5.350 

50.20 

Phosphorns,     . 

.       0.383 

0.050 

0.492 

Sulphur,  , 

.      0.522 

1.253 

0.924 

Iron, 

.     31.28 

62.56 

4.66 

Silica,      . 

.     35.50 

6.825 

58.05 

Phosphorus,     . 

.      0.271 

0.058 

0.527 

Sulphur,  . 

.      0.784 

1.320 

0.945 
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The  increased  amount  of  snli)luir  in  the  concentrates,  is  probably 
due  to  the  pyrite  being  magnetic. 

Some  years  ago,  the  reducing-plant  was  operated  to  prepare  ore 
for  plunger-jigs,  and  the  results  obtained  were  as  follows: 

Concentration  of  Croton  (Theal)  ore  by  Plunger  Jigs. 

Fine  Jigs.    Coarse  Jigs. 
Crude  Ore :  ■ 

Metallic  Iron 36.48  36.48 

Concentrates : 

Metallic  Iron 65.56  58.78 

Phosphorus 0.047  0.129 

Sulphur 0.97  0.83 

Tailings : 

Metallic  Iron 14.31  22.16 

Another  machine  consists  of  a  single  roll  with  alternate  strips  of 
magnetic  and  non-magnetic  material  forming  its  periphery. 

The  Wenstrom  magnetic  separator,  which  is  of  Swedish  origin,* 
has  a  stationary  field  magnet  and  an  armature  barrel  consisting  of  a 
number  of  soft  iron  bars,  separated  from  one  another  by  a  non- 
magnetic material — in  this  case  strips  of  wood.  The  whole  is  bound 
together  by  non-magnetic  end-rings.     The  bars  are  cut  away  alter- 


Fig.  2. 
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Wenstrom  Separator. 

nately  on  the  inside  to  make  one  bar  project  only  towards  the  north 
poles  of  the  magnet  and  the  next  only  to  the  south  poles.  This 
gives  each  succeeding  bar  opposite  magnetism.  On  each  of  the 
four  sections  of  the  magnet  are  wound  fifteen  pounds  of  copper  wire. 
An  Edison  dynamo  furnishes  a  current  of  ten  amperes  and  thirty- 
three  volts.     The  ore  is  fed  to  the  barrel  by  means  of  a  hopper,  as 

*  A  description  of  this  machine  will  be  found  in  Mr.  R.  A.  Cook's  paper  on 
"  The  Wenstrom  Magnetic  Separator,"  at  page  599  of  the  present  volume. 
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shown  in  outline,  Fig.  2,  the  cylinder  turning  in  the  direction  of  the 
arrow.  The  magnetite  adheres  to  the  bars  of  the  barrel  and  is 
carried  downward  past  the  first  delivery  shute.  Below  the  machine 
the  bars,  departing  from  the  influence  of  the  electro-magnet,  which 
is  placed  eccentrically,  lose  their  power  to  hold  the  particles  of  mag- 
netic iron-ore  and  they  drop  oiF.  The  particles  of  rock  in  the  ore 
being  non-magnetic,  drop  from  the  barrel  almost  immediately  and 
fall  on  the  first  shute  shown  in  the  engraving.  Experimental  tests 
on  the  AVeustrum  machine  with  various  ores  gave  results  as  follows : 

Concentrations  by  the  Wenstrom  Ilagnetic  Separator. 

Crude  ore.         Concentrates.  Tailings. 

3.25 


1.62 


15.10 


14.3 
4.825 

The  Conkling  magnetic  separator  is  a  belt-machine  of  the  general 
form  indicated   by  Fig.  3,  which   merely  shows  the  principle  and 

Fig.  3. 

MAGNETS 


Beach  Glenn,  New  Jersey, 

Iron, 

.    53.73 

61.53 

Phosphorus, 

.       0.023 

0.006 

Chateaiigay  Ore  &  Iron  Co.,  X.  Y.,  . 

Iron, ■    . 

40.99 

59.80 

Port  Henry,  New  York,  New  Bed, 

Witherbees,  Sherman  &  Co., 

Iron, 

.     41.6 

64.0 

Port  Henry,  New  York,  Old  Bed, 

Witherbees,  Sherman  &  Co., 

Iron, 

.    59.1 

61.8 

Phosphorus, .... 

.      1.249 

0.847 

Conkling  Separator. 

not  the  detail.  The  ore  is  fed  on  a  belt  and  carried  along  under  a 
series  of  belts,  running  at  right  angles  to  the  first.  These  cross- 
belts  pass  between  the  magnets  and  the  ore  lying  on  the  distributing- 
belt,  and  may  be  placed  at  varying  distances  from  the  latter.  As 
the  ore,  reduced  to  the  proper  size,  passes  along  on  the  distributing- 
belt,  the  magnetic-belts,  which  may  be  influenced  by  magnets  of 
different  powers,  pick  up  and  carry  to  one  side  the  magnetic  particles 
of  the  ore,  while  the  non-magnetic  portion  of  the  gangue  is  carried 
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off  as  tailings.     The  results  obtained  by  treating  some  ores  by  this 
machine  are  reported  as  follows: 

Concentrations  by  the  Conkling  Magnetic  Separator. 


Test. 

Crude  Ore. 

Concentrates. 

Tailings. 

Iron. 
Per  cent. 

Phosphorus 
Per  cent. 

Iron. 
Per  cent. 

Phosphorus 
Per  cent. 

Silica. 
Per  cent. 

Iron. 
Per  cent. 

Phosphorus 
Per  cent. 

I. 

53.80 

0.010 

70.80 

0.006 

21.00 

0.10 

II. 

62.04 

1.146 

70.29 

0.153 

not  (let. 

not  (let. 

III. 

58.00 

0.100 

79.47 

0.022 

1.27 

« 

(( 

IV. 

39.00 

0.038 

66.24 

0.005 

li 

(1 

I.  Port  Henry,  N.  Y.,  New  Bed,  Witherbees,  Sherman  &  Co. 
II.  Piatt  Mine,  N.  J. 

III.  Mt.  Hope  Mine,  N.  J.,  Thomas  Iron  Co. 

IV.  Lehigh  Mountain,  Pa. 

Another  machine  which  has  been  operated  experimentally  on  a 
commercial  scale  is  called  the  "Monarch."  In  this  the  ore  is  fed 
on  one  belt,  from  which  the  magnetic  particles  are  picked  by  a 
second  belt  placed  above  the  first,  but  carrying  the  ore  in  the  same 
direction;  this  belt  is  equipped  with  magnets  of  alternate  polarity, 
to  obtain,  if  possible,  more  perfect  separation  of  the  material  as  it 
passes  the  varying  poles. 

Analyses  of  results  reported  from  this  machine  are  as  follows: 

Concentration^'^  by  the  Monarch  Magnetic  Separator. 


Test. 

Crude  Ore. 

Concentrates. 

Tailings. 

Iron. 
Per  cent. 

Ph'.sph'rus 
Per  cent. 

Iron. 
Per  cent. 

Ph'sph'rus 
Per  cent. 

Iron. 
Per  cent. 

Phosphorus. 
Per  cent. 

I. 

36.23 

66.98 

8.12 

II. 

35.48 

0.158 

61.40. 

0.042 

5.69 

1.45 

III. 

64.29 

0.723 

69.80 

0.220 

5.05 

5.30 

IV. 

54.30 

0.089 

63.70 

0.044 

12.80 

0.408 

V. 

58.00 

2.256 

68.50 

0.407 

9.20 

10.787 

I.  Chateaiigay  Ore  and  Iron  Co.,  N.  Y. 
II.  Little  River,  N.  Y. 

III.  Forest  of  Dean,  N.  Y. 

IV.  Witherbees,  Sherman  &  Co.,  N.  Y.,  New  Bed. 
V.  Withferbees,  Sherman  <fe  Co.,  N.  Y.,  Old  Bed. 
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The  Edison  unipolar  non-contact  electric  separator  differs  from 
the  forms  described  in  that  it  has  no  moving  parts.  Except  such 
facilities  for  altering  the  relative  position  of  the  parts  as  are  essen- 
tial for  adjustment  in  treating  different  ores,  or  are  required  to  secure 
certain  results,  all  parts  of  the  apparatus  are  fixed.  The  separator, 
which  is  illustrated  by  Fig.  4,  consists  simply  of  a  hopper,  a  magnet 
and  a  partition  to  separate  the  concentrates  and  tailings  into 
different  receptacles.  The  illustration  shows  but  one  hopper,  but 
in  practice  the  ore  can  pass  on  each  side  of  the  magnet,  thus  doub- 
ling the  capacity.     The  simplicity  of  the  construction,  which  is  the 


Fig.  4. 
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result  of  patient  and  thorough  investigation  of  many  different  de- 
signs and   methods,  will  commend   itself. 

The  ore  after  being  properly  crushed  and  sized  is  placed  in  hop- 
pers, from  which  its  discharge  is  controlled  by  bars  closing  slots 
which  extend  the  length  of  the  hopper.  These  slots  are  made 
adjustable  so  as  to  suit  the  size  to  which  the  ore  has  been  reduced. 
The  hoppers  are  adjusted  to  appropriate  heights  above  the  magnet. 
The  magnet  in  the  apparatus  exhibited  at  the  Edison  Laboratory, 
Llewellyn,  N.  J.,  is  a  mass  of  soft  iron  6  feet  long  by  30  inches 
wide  and  10  inches  thick,  weighing  3400  pounds,  and  wound  with 
450  pounds  of  copper  wire,  the  coil  being  connected  with  a  dynamo 
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consuming  21  horse- jwwer  and  requiring  a  current  of  electricity  of 
IG  amperes  and  an  electromotive  force  of  116.5  volts. 

The  material  falling  from  the  hopper  passes  the  face  of  the  mag- 
net, hut  does  not  touch  it.  The  distance  of  the  magnet  from  the 
vertical  plane  of  the  falling  material  is  so  chosen  that  its  attrac- 
tion causes  the  magnetic  to  separate  from  the  non-magnetic  particles 
sufficiently  to  alter  their  direction.  By  reason  of  the  force  of  gravity, 
this  detiection  of  the  trajectory,  while  sufficient  to  draw  the  mag- 
netic particles  away  from  the  non -magnetic,  does  not  draw  them 
against  the  magnet,  but  should  any  ore  accumulate  on  the  magnet 
it  can  be  instantly  dropped  by  breaking  the  current.  The  exact 
distance,  however,  is  maintained  so  that  none  can  stick  to  the  magnet. 
Owing  to  the  altered  trajectory  the  magnetic  ore  falls  upon  one  side 
of  the  partition,  which  is  so  adjusted  as  to  secure  the  best  result 
while  the  gangue  material  drops  upon  the  opposite  side. 

In  many  ores  there  are  particles  of  magnetite  attached  to  some 
non-magnetic  material  which  prevent  them  being  carried  over  with 
the  concentrates,  but  cause  them  to  be  drawn  sufficiently  from  the  verti- 
cal to  separate  them  from  the  tailings,  or  when  the  stream  of  material 
permits  several  layers  to  pass  the  magnet  simultaneously,  parti- 
cles of  non-magnetic  material  may  retard  the  movements  of  magnetic 
portions  so  that  they  do  not  pass  into  the  concentrates.  In  such 
cases  an  intermediate  grade  is  collected  called  the  "mugwump," 
because  it  is  neither  concentrates  nor  tailings.  This  mugwump  may 
be  returned  to  the  hoppers  or  passed  before  a  second  magnet. 
A  series  of  magnets  may  be  arranged  so  that  the  concentrates, 
mugwumps  or  tails  are  each  subjected,  as  in  other  machines  herein 
described,  to  repeated  magnetic  influence,  thus  insuring  more  per- 
fect separation,  and  maintaining  the  capacity  which  is  a  strong  point 
of  the  Edison  apparatus.  The  hopper  in  the  apjiaratus  exhibited 
to  the  Institute  at  Llewellyn  is  6  feet  wide,  and  the  quantity  of  ore 
which  can  be  treated  per  day  will  depend  upon  the  degree  of  fineness 
to  which  the  material  is  crushed,  and  the  width  to  wliich  the  slot  in 
the  hopper  is  opened.  Arranging  the  slot  to  pass  readily  the  lean 
ore  from  Witherbees,  Sherman  &  Co.'s  New  Bed  at  Port  Henry,  N. 
Y.,  when  crushed  to  pass  a  10-mcsh  screen,  each  side  of  the  magnet 
will  separate  conveniently  about  150  tons  of  material  daily,  mak- 
ing the  capacity  of  the  two-face  machine  300  tons  per  day. 

The  most  systematical  experimenting  upon  any  one  ore  has  been 
made  by  Messrs.  Witherbees,  Sherman  &  Co.,  at  Port  Henry,  N. 
Y.,  using  various  machines,  and  by  Messrs.  Cheever  with  the  Buch- 
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anan  magnetic  rolls,  treating  the  ores  from  the  Croton  mines,  but 
a  greater  variety  of  ores  have  been  concentrated  by  the  Edison  uni- 
polar machine,  among  which  may  be  mentioned,  Witherbees,  Sher- 
man &  Co.'s  New  Bed  ore  (to  separate  the  magnetite  from  the. 
siliceous  gangue)  and  Old  Bed  ore  at  Port  Henry,  N.  Y.  (to  reduce 
the  amount  of  phosphorus  by  separating  the  apatite  from  the  magne- 
tite) ;  the  Chateaugay  Ore  &  Iron  Co.'s  ore,  at  Lyon  Mountain, 
N.  Y.  (to  separate  the  magnetite  from  siliceous  gangue);  Messrs. 
Cheever's  Croton  mines,  Brewster,  N.  Y.  (to  separate  the  mag- 
netite from  the  gangue  and  reduce  the  phosphorus  and  sulphur); 
the  Cornwall  Ore  Bank  Company's  ore,  Lebanon,  Pa.  (to  separate 
magnetite  from  silica  and  reduce  sulphur) ;  Mont  Alto,  Pa.  (to  separate 
small  crystals  of  magnetite  from  a  lean  ferruginous  sand-rock); 
and  the  Phoenix  Iron  Co.'s  ore,  Jones  mine,  Berks  Co.,  Pa. 
(to  separate  the  gangue  from  the  magnetite  and  reduce  the  sulphur). 
Various  kinds  of  waste  material  from  iron  and  steel  works  have  also 
been  treated  to  extract  the  metal.  With  a  modification,  the  apparatus 
has  been  used  in  treating  gold-ore. 

The  concentrating  plant  lately  erected  at  Humboldt,  Michigan, 
consists  of  a  large  Gates  rock-breaker,  into  which  the  lean  magnetite 
from  the  dump-pile,  yielding  40  to  45  per  cent,  of  iron,  is  fed.  The 
material  from  the  crusher  passes  over  a  shaking  screen  into  a  pair 
of  16x30  Cornish  rolls,  and  from  these  the  crushed  ore  is  sized  in 
screens  to  20  mesh,  the  dust  blown  out  of  it,  and  the  product  from 
these  screens  passes  an  Edison  magnetic  separator,  where  the  ore  is 
concentrated.  The  result  is  a  concentrate  carrying  from  62  to  68 
per  cent,  of  iron,  and  within  the  Bessemer  limit  as  to  phosphorus. 
As  the  plant  has  but  lately  been  put  in  operation,  the  details  of  its 
workings  cannot  be  given.  The  mugwump  made  is  returned  by 
elevators  to  the  feeding  bin. 

The  following  are  some  of  the  results  obtained  in  treating  iron- 
ores  by  the  Edison  separator : 

Concentration  of  New  Bed  Lean  Ore,  Port  Henry,  N.  F.,  by 
the  Edison  Machine. 


A.  Crushed  to  \  Iron, 

20  mesh,    .   i  Phospliorus,  . 

B.  Crushed  to  "I  Iron, 

10  mesh,   .   >  Phosphorus,  . 

C.  Above   101  Iron,      . 
mesh, .       .  i  Phosphorus, . 


Crude  ore.    Concentrates.     Tailings. 


5i.2 

69.9 

7.67 

0.03 

0.01 

O.OS 

50.0 

70.0 

7.80 

0.025 

0.018 

0.041 

52.2 

66.8 

18.70 

0.032 

0.013 

0.085 
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Concentration  of  Old  Bed  Ore,  Port  Henry,  N.   Y. 
the  Edison  Machine. 


Iron, 

Phosphorus, , 

Iron, 

Phosphorus, 

Iron, 

Phosphorus, 


hj 


Crude  ore. 

Concentrates. 

Tailings 

59.5 

69.15 

7.10 

1.77 

0.41 

11.06 

62.0 

70.90 

9.25 

1.46 

0.18 

10.54 

64.20 

71.20 

9.00 

1.39 

0.31 

11.57 

For  the  purpo.se  of  testing  the  apparatus,  ore  was  selected  with  a 
maxinmiu  of  apatite,  and  the  phosphorus  therefore  shows  largely  in 
excess  of  the  average  contents  in  Port  Henry  Old  Bed  ore  as  rained. 

It  will  be  observed  that  while  a  considerable  portion  of  the  phos- 
phorus has  been  eliminated  it  is  still  above  the  Be.ssemer  lirait. 
When  it  is  considered  how  quickly  a  few  stray  crystals  of  apatite 
will  affect  the  result,  or  how  easily  particles  of  apatite  may  be 
embraced  as  it  were  by  particles  of  magnetite  as  they  pass  the 
magnet,  the  delicacy  of  the  operation  of  removing  the  phosphorus 
will  be  appreciated.  Experiments  now  in  progress  indicate  that  a 
more  thorough  dephosphorization  than  given  above  will  be  ob- 
tained. 


Concentration  of  Croton  Ore,  N.  Y.,  by  the  Edison  Machine. 


Iron, 
Phosphorus, . 


Crude  ore. 

37.97 

0.38 


Concentrates. 

64.72 

0.10 


Tailings. 

11.04 

0.97 


Concentration  of  "  Jones  Ore  "  of  Phoenix  Iron  Co.,  by  Edison 

Machine. 

Crude  ore. 

Iron, 39.507 

Silica, 12.643 

Phosphorus 0.106 

Sulphur, 0.395 

This  analysis  is  by  Voudy,  those  of   Port  Henry  ores  are  by 
Woodbridge,  and  those  of  Croton  ores  by  Land  is. 


Concentrates. 

Tailings. 

"       59.688 

32.553 

5.286 

22.143 

0.010 

undet. 

0.157 

0.877 
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A  BEVIEW  OF  THE  IBON-inNING  INDUSTBY  OF  NEW 
YOBK  FOB  THE  PAST  DECADE, 

BY  JOHN  C.  SMOCK,  ALBANY,  N.  Y. 
(New  York  Meeting,  February,  1889.) 

The  ten  years,  1879  to  1888,  inclusive,  have  been  notable  in  the 
history  of  iron-making  for  the  great  rise  during  the  latter  part  of 
1879  and  the  earlier  half  of  1880;  for  the  maximum  of  production 
in  1882  ;  for  the  gradual  decline  and  the  reduced  product  through 
1883,  1884  and  nearly  to  the  end  of  1885;  then,  for  the  recovery 
through  1886  and  1887 ;  and  the  extraordinary  outputs  of  our  iron 
furnaces  during  the  last  three  years. 

The  price  of  pig-iron  might  be  taken  as  an  index  to  the  condition  of 
the  iron-mining  industry,  and  if  represented  graphically,  they  would 
show  approximately  parallel  curves.  The  mining  industry  cannot 
always  respond  quickly  to  a  rise  in  price  and  an  increased  demand 
for  ore;  nor  can  its  production  drop  simultaneously  with  sudden 
falls  in  price  of  iron  and  of  ore.  Hence,  the  irregularities  of  the 
one  are  not  reflected  in  the  other. 

The  statistics  of  the  iron  mines  collected  by  the  United  States 
census,  for  the  year  ending  June  30,  1880,  exhibit  admirably  their 
condition  at  that  time.  The  reports  received  from  mine  owners 
and  managers,  of  the  production  for  the  year  1888,  furnish  the 
basis  for  a  comparison  and  supply  data  for  some  notes  on  the 
changes  in  the  iron-mining  industry  in  New  York  which  have 
taken  place  in  this  period  of  time. 

The  iron-ores  of  New  York  may  be  grouped  in  the  following 
districts : 

I.  The  Highlands  of  the  Hudson  (magnetites). 
II.  The  Lake  Champlain  and  Adirondack  Region  (magnetites). 

III.  St.  Lawrence  and  Jefferson  Counties  (red  hematites). 

IV.  Clinton  and  Wayne  Counties  (fossil-ores  of  the  Clinton 

Group), 
Y.  Dutchess  and  Columbia  Counties  (limonites). 
YI.  The  Hudson  River  (carbonates). 
YII.  Staten  Island  (limonites). 

The  ores  of  the  first  and  second  districts,  as  enumerated,  are  almost 
exclusively  magnetites ;  those  of  the  third  and  fourth  are  hematites ; 
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those  of  the  sixth  are  carbonates,  as  are  also  some  of  the  ores  asso- 
ciated with  the  linionites  of  the  fifth  group. 

T,  The  Highlands  of  the  Hudson. 

About  forty  productive  mines  have  been  opened  in  this  moun- 
tainous belt  of  territory  between  New  Jersey,  at  the  southwest,  and 
Conneoticut,  on  tlie  east.  Twenty-six  of  them  were  in  operation 
during  the  whole  or  a  part  of  the  census  year,  the  aggregate  out- 
put for  that  year  amounting  to  184,859  tons.*  During  tlie  decade 
the  historic  Greenwood  mines  have  been  abandoned  ;  the  mines  near 
^^'ar\vick  also  have  ceased  to  be  productive  ;  the  Todd  and  the  Croft 
mines,  north  of  Peekskill,  the  Theal  and  McCollum  and  the  Brew- 
sters  mines,  all  in  Putnam  county,  have  been  idle  for  several  years. 
The  Sterling  Iron  and  Railway  Company,  the  Forest  of  Dean  Iron- 
Ore  Company,  the  Mahopac  Iron-Ore  Company  and  the  Tilly  Foster 
Iron  Mines  are  the  only  companies  now  at  work ;  and  they  are 
operating  eight  mines  only,  or  less  than  one-third  of  the  whole 
number  producing  during  the  census  year.  Work  has  stopped  at 
the  smaller  mines,  and  only  two  away  from  rail  are  in  operation. 
"Work  at  the  Croton  magnetic  mines  was  resumed  last  autumn  to 
supply  concentrates  for  an  experimental  direct-process  plant. 

At  the  Tilly  Foster  mine  the  pr®duction  was,  until  lately,  sub- 
ordinated to  the  great  undertaking  of  removing  the  cap-rock  and 
pillars  preparatory  to  open  pit  work.  Practically,  the  lower  rates 
and  the  less  active  demand  for  non-Bessemer  ores  have  resulted  in 
the  closing  of  all  those  mines  whose  cost  of  production  is  high,  either 
because  the  vein  is  small  or  irregular,  or  because  they  are  remote 
from  rail  transportation. 

The  production  of  the  Highlands  belt  in  1888  amounted  to 
115,000  tons,  or  only  63  per  cent,  of  the  output  during  the  census 
year. 

II.  The  Lake  Champlain  and  Adirondack  Region. 

According  to  the  tenth  census,  the  iron-ore  mined  in  1879-80, 
in  Washington,  Essex  and  Clinton  counties  amounted  to  742,865 
tons.  At  that  time  ten  idle  mines  were  reported.f  The  Crown 
Point  group  and  the  Port  Henry  mines  were  then  in  active  opera- 
tion, Chateaugay  had   begun  to  produce  largely,  and  in   Clinton 

*  Including  672  tons  of  limonite  mined  at  the  Townsend  mine,  Canterbury, 
t  The  number  of  mines  in  this  district  is  variable,  according  to  what  definition 
of  a  mine  is  accepted. 
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county  there  were  several  small  mines  the  ore  of  which  was  used  by 
the  forges  then  running. 

Chateaugay  has  had  an  era  of  growing  productiveness  and  has 
yielded  an  aggregate  of  1,500,000  tons  of  ore.  The  Port  Henry 
mines  have  fluctuated  in  their  output,  falling  from  395,000  tons  in 
the  census  year  to  235,000  tons  in  1885  and  then  rising  to  428,000 
tons  in  1887  and  418,000  tons  in  1888.  Their  large  deposits  of 
rich  ore  enable  the  owners  to  work  them  at  a  low  cost  and  to  com- 
pete with  mines  nearer  the  markets  and  more  advantageously  situ- 
ated. The  mines  having  smaller  ore-bodies  or  distant  from  railway 
lines  in  this  district  cannot  compete  and  are  all  closed.  The  Chateau- 
gay,  the  Palmer  Hill  and  the  Arnold  Hill  mines  are  in  operation  in 
Clinton  county.  The  Palmer  Hill  ores  raised  from  the  mines  of  the 
J.  &  J.  Rogers  Iron  Company  supply  the  forges  of  that  company. 
The  concentrated  ores  at  Chateaugay  go  to  the  forges  of  the  Chateau- 
gay  Ore  and  Iron  Company,  their  bloomary  fires  being  the  only  ones 
active  in  Clinton  county.  Their  future,  and  that  of  the  mines  sup- 
plying them,  is  altogether  unpromising. 

On  the  western  side  of  the  Adirondack  region,  the  openings  at 
Jayville  have  been  made  productive,  and  the  railway  has  been  con- 
structed during  the  year  to  Little  River,  where  a  large  deposit  of 
lean  ore  has  been  exploited.  There  have  been  no  further  develop- 
ments in  iron-ore  beds  elsewhere  either  in  St.  Lawrence  or  in  Frank- 
lin counties.  The  mines  in  Washington  county  have  been  idle 
nearly  the  whole  decade. 

The  aggregate  product  of  this  district,  according  to  reports  re- 
ceived from  the  mining  companies,  was,  in  1888,  812,000  tons,  or 
greater  by  70,000  tons  than  tiiat  of  the  census  year. 

III.  St.  Lawrence  and  Jefferson  Counties. 

These  ores  occur  in  a  narrow  belt  bordering  on  the  west  the  Lauren- 
tian  formation  of  the  Adirondacks.  Geologically,  they  might  be 
grouped  as  Huronian.  The  ShirtlefF  and  the  Tate  and  Polley,  the 
latter  famous  half  a  century  ago,  have  been  abandoned  during  the  de- 
cade under  review.  TheKeene  was  closed  in  1887.  Two  new  mines 
have  been  opened,  viz. :  the  Pike  and  the  Clark.  The  rich  and 
easily  reducible  ores  of  this  range  are  liked  by  iron-masters,  and  in 
spite  of  the  cost  of  transportation,  find  a  market  in  the  iron-making 
districts  of  eastern  Pennsylvania  and  New  York.  They  are  often  called 
the  Antwerp  ores,  from  the  mines  near  Antwerp,  in  Jefferson  county.. 


748  THE   IRON-MIXING    INDUSTRY   OF   NEW   YORK. 

In  1888  six  mines  produced  1 10,000  tons,  as  compared  with  91,765 
tons  in  the  census  year,  equivalent  to  an  increase  of  16  per  cent. 

IV.  Clinton  and  Wayne  Counties. 

The  hematites  of  this  geological  horizon  (the  Clinton  group  of 
the  Silurian)  are  mined  in  the  vicinity  of  Clinton,  Oneida  county, 
and  Sterling  and  Ontario  in  Wayne  county.  Ten  years  ago  there 
was  a  long  line  of  openings  across  Oneida  county,  comprising 
twenty  separate  mines,  from  which  the  aggregate  amount  of  ore 
taken  was  85,442  tons.  During  the  decade  under  review,  they 
have  all  ceased  to  be  productive,  excepting  the  mines  near  Clinton, 
which  supply  the  Franklin  Iron  Works  and  the  Kirkland  furnace. 
Two  mines  only  in  Ontario  are  in  operation  and  one  in  Sterling. 
The  Wayne  county  mines  send  their  output  to  Charlotte,  Elmira 
and  Syracuse.  Althongli  the  ore  is  rich  and  the  open-working  is 
in  places  done  at  com})uratively  low  cost,  the  market  for  the  ore  is 
local.  The  large  amount  of  ore  mined  at  Clinton  for  the  Franklin 
Iron  Works  helps  to  keep  the  total  output  of  the  Clinton  ore  very 
nearly  as  large  as  it  was  in  the  year  of  the  census.  The  total 
reported  and  estimated  product  in  1888  was  75,000  tons. 

V.  Dutchess  and  Columbia  Counties. 

The  brown  hematites  in  this  part  of  the  State  occur  in  two  well- 
defined  ranges  :  one,  the  Fishkill  and  Clove  belt,  and  the  other  being 
that  of  the  valley  through  which  the  N.  Y.  &  Harlem  R.R.  runs. 
In  the  two  ranges  are  twenty-five  separate  mines,  of  which  eighteen 
were  in  operation  in  the  last  census  year.  On  account  of  the  in- 
creasing cost  of  working,  one  after  another  has  been  abandoned,  until 
at  the  end  of  last  year,  only  the  Fishkill,  Beekraan,  Clove  Spring 
and  Weed  were  in  operation.  The  total  product  of  the  district  has 
fallen  from  144,878  tons  in  the  census  year  to  43,000  tons  in  1888. 
The  decrease  in  output  is  greater  than  in  any  other  part  of  the  State, 
and  the  outlook  for  the  future  is  not  bright. 

VI.  The  Hudson  River. 

The  history  of  the  Burden  carbonate-mines  may  be  said  to  belong 
to  the  decade  under  review.  It  was  not  until  1883  that  the  Hudson 
River  Ore  and  Iron  Company  began  to  put  ore  on  the  market. 
The  production  reached  90,000  tons  the  next  year  (1884);  then  de- 
clined to  55,000  tons  in  1885;  and  again  reached  a  maximum  in 
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1887,  when  the  output  was  142,000  tons.  The  total  product  up 
to  1889  was  350,000  tons.  Although  not  as  rich  as  the  ores  of  the 
other  districts  of  the  State,  the  geographical  position,  practically  on 
tide  water,  and  the  rail-connections  with  the  furnaces  of  the  Hudson 
river  and  of  eastern  Pennsylvania  give  to  this  carbonate-ore  advan- 
tages, compensating  for  its  lower  yield  in  iron. 

VII.  Staten  Island. 
No  mines  on  Staten  Island  are  in  operation.  The  irregularity  of 
the  limonite  deposits,  the  leanness  of  the  ore  generally,  and  the  neces- 
sary cartage  to  boats  or  railways,  are  against  steady  working,  and 
their  final  abandonment  is  threatened.  The  census  reported  their 
total  product  at  9318  tons. 

Summary. 

The  total  product  of  the  iron-mines  of  the  State  in  1888  was 
1,207,000  tons.*  According  to  the  Ninth  Census,  New  York 
produced  14  per  cent,  of  the  iron-ore  mined  in  the  country;  teu 
years  later,  the  State  produced  1,262,127  tons,  or  15.4  per  cent.,  and 
ranked  third  in  the  list  of  states.  In  1886  the  product  of  all 
the  iron-mines  in  the  country,  as  estimated  by  James  M.  Swank, 
General  Manager  of  the  American  Iron  and  Steel  Association,  was 
10,000,000  tons.f  In  1887,  according  to  the  same  authority,  it 
amounted  to  11,300,000  tons.  New  York  mines  produced  in  the 
former  year  about  900,000  tons,  and  nearly  1,100,000  in  the  latter 
year,  or  10  per  cent,  of  the  whole.  In  1888  the  same  average  pro- 
portion was  maintained,  but  the  rank  changed  to  fourth,  falling 
behind  Michigan,  Pennsylvania  and  Wisconsin. | 

The  fluctuation  in  the  totals  for  the  State  during  the  decade  have 
not  been  so  great  as  might  be  inferred  from  the  sharp  fluctuations  in 
the  prices  for  pig-iron;  and  the  steadiness  in  the  figures  for  1886, 
1887  and  1»88  is  remarkable  proof  of  the  enduring  capacity  of  the 
mines  of  the  State.  The  variation  from  year  to  year  is  not  as  great 
as  it  is  in  the  magnetic  iron-ore  districts  of  New  Jersey.§ 


*  This  sum  includes  all  the  returns  received  from  the  mining  companies  and 
carefully  made  estimates  for  three  mines  unreported. 

t  Ann.  Staiistical  Rep.  of  the  Am.  Iron  and  Steel  Association,  p.  38. 

X  According  to  the  last  report  of  the  American  Iron  and  Steel  Association,  the 
total  for  the  United  States  in  1888  was  12,050,000  gross  tons. 

§  The  product  of  the  iron  mines  in  New  Jersey  in  1880  was  745,000  tons;  in 
1885  it  had  fallen  to  330,000  tons,  and  in  1887  had  risen  to  547,000.  (See  Ann. 
Eeps.  of  Prof.  George  H.  Cook,  Stale  Geologist,  for  1886  and  1887.) 
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Another  notable  fact  brought  out  in  this  comparison  is  the  di- 
minished number  of  mines  producing  these  totals.  At  the  com- 
menccmont  of  the  decade,  tiiere  ^vere  about  100  mines  at  work;  last 
year,  only  50  were  producing  ore. 


A  BAP  ID  METHOT)  FOR    THE  DETERMINATION  OF  PHOS- 
PHORUS IN  CERTAIN  ORES. 

BY  T.  REED  WOODBRIDGB,  PORT  HENRY,  N.  Y. 

(New  York  Meeting,  February,  1889.) 

The  object  of  this  paper  is  to  bring  to  notice  a  method  in  use  at  the 
Cedar  Point  laboratory  of  Witherbees,  Sherman  &  Co.,  for  determin- 
ing the  phosphorus  in  the  ore  mined  at  Mineville,  N.  Y.  This  ore  is 
magnetite,  with  a  gangue  containing  crystals  of  apatite. 

In  1886,  Mr.  H.  F.  Dawes,  then  head  chemist  at  the  works,  sug- 
gested that  as  all  the  phosphorus  seemed  to  be  in  the  apatite,  it 
could  be  obtained  in  solution  by  dilute  nitric  acid.  After  some  ex- 
perimenting the  following  method  was  adopted,  and  has  proved 
invaluable  for  rapidity  and  ease;  half  a  dozen  determinations  re- 
quiring very  little  more  time  or  trouble  than  one. 

From  J  to  10  grammes  of  ore  are  weighed  into  a  150  c.c.  beaker ; 
60  c.c.  hot  water  and  10  c.c.  strong  nitric  acid  are  added  ;  the  beaker 
is  covered  and  the  contents  are  boiled  for  |  hour  (10  minutes  some- 
times proves  sufficient ;  but  ^  hour  is  safer).  The  bumping  which 
ensues  if  more  than  ^  gramme  is  used  need  cause  no  trouble.  The 
hot  solution  is  filtered  into  a  250  c.c.  beaker.  The  filtration*  and 
washing  (with  hot  water)  proceed  rapidly,  as  the  magnetite  itself  is 
but  slightly  acted  upon.  After  the  addition  of  15  c.c.  ammonia  and 
15  c.c.  nitric  acid,  the  solution  is  cooled  to  45°  C,  and  from  15  to 
40  c.c.  of  molybdic  acid  solution  is  added  and  stirred  vigorously. 
In  5  minutes  the  precipitate  will  be  down,  and  the  determination  can 
be  finished  by  any  good  method.  At  Cedar  Point  the  method  more 
commonly  used  is  weighing  as  yellow  salt.  Good  washed  filter-paper 
is  used,  No.  0  Swedish  being  preferred  ;  and  a  dozen  3^-inch  filters 
are  numbered  and  dried  and  weighed  at  110°  C.  These  are  always 
kept  in  stock.  The  yellow  salt  is  filtered  on  one  of  these,  washed 
with  dilute  nitric  acid  (2  per  cent,  by  volume) ;  dried  for  1  hour 
at  110°  C,  and  then  weighed,  1.63  per  cent,  of  weight  being  cal- 
culated as  phosphorus.     The  filters  vary  in  the  two  weighings  from 
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0  to  1  milligramme,  causing  an  extreme  error  of  .00163  per  cent. 
in  a  1 -gram me  solution.  By  using  counterpoised  filters  or  a  Gooch 
crucible  this  error  may  be  avoided.  A  determination  by  this  method 
can  be  made  in  less  than  2  hours;  by  Emmerton's  method  in  1 J  hours. 
On  fusing  the  residue  from  the  treatment  with  dilute  nitric  acid  no 
phosphorus  is  obtained,  showing  that  it  was  all  extracted  by  the 
dilute  acid. 

The  method  used  for  comparison  in  the  appended  tables  is  as  fol- 
lows : 

From  J  to  10  grammes  of  ore  are  dissolved  in  HCl ;  the  solution 
is  evaporated  to  dryness  and  heated  for  1  hour ;  redissolved  in  HCl ; 
evaporated  to  a  sirupy  consistency  ;  20  c.c.  to  50  c.c,  strong  nitric 
acid  is  added  and  the  solution  is  boiled  down  to  10  c.c,  to  15  c.c; 
then  40  c.c.  of  cold  water  is  added,  and  the  solution  is  filtered  and 
precipitated  as  above.  In  Table  I.  the  phosphorus  from  this  solution 
was  determined  as  yellow  salt.  In  Table  II.  the  yellow  salt  was  dis- 
solved in  ammonia,  and  the  phosphorus  determined  by  the  magnesia 
method,  precautions  being  taken  for  the  separation  of  silica,  which 
rarely  proved  to  have  been  necessary.  The  results  marked  a  in 
Table  II.  were  determined  by  the  magnesia  method  from  the  yellow 
salt  obtained  from  the  dilute  nitric  acid  solution. 


Table  I, 


Table  II. 


No. 

Dilute 
HNO3. 

Yellow  Salt. 
HCl. 

No. 
11 

Dilute 
HNO3. 

Yellow  Salt 
HCl. 

1 

.015 

.015 

.672 

.686 

2 

.021 

.020 

12 

.900 

.886 

3 

.030 

.032 

13 

1.087 

1.088 

4 

.088 

.087 

14 

1.143 

1.127 

5 

.100 

.095 

15 

1.645  \ 
1.635/ 

1.645 

6 

.258 

.261 

16 

1.930 

1.932 

7 

.298 

.300 

17 

3.212 

3.230 

8 

.300 

f  .304 
[.299 

18 

10.520 

10.570 

9 

.462 

.463 

19 

10.612 

10.526 

10 

.599 
.614 

.605 

20 

11.977 

11.977 

No. 

Dilute 
HNO3. 

Magnesia 
HCl. 

21 

.100  a 

.097 

22 

.106  a 

.109 

23 

.453  a 

.4j66 

24 

.496 

.508  a 

25 

.519 

.531 

26 

.731 

.735 

27 

.770 

.779  a 

28 

1.231 
1.22/ 

1.23  a 

a  Determined  bv  the 

magnesia  method  from 
the  yellow  salt. 

The  results  here  given  were  taken  at  random  from  a  large  number 
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of  comparative  analyses  made  during  a  year  or  more,  the  object 
being  to  give  a  few  results  of  both  high-and  low-phosphorus  percent^- 
ages.  Nos.  18,  19  and  20  were  taken  from  the  gangue  resulting 
from  a  magnetic  separation  of  the  ore.  Silica  was  looked  for  in  the 
yellow  precipitate ;  but  a  trace  only  was  found. 

As  to  the  accuracy  of  calculating  the  phosphorus  from  the  weight 
of  the  yellow  salt,  there  seems  to  be  little  doubt,  if  the  amounts  of 
ammonium  nitrate  and  free  nitric  acid  and  the  temperature  of  the 
solution  are  kept  within  certain  limits.  I  have  repeatedly  compared 
the  results  of  this  method  with  those  of  the  magnesia  method  and 
find  no  practical  variation.  In  experienced  hands  the  yellow  salt 
gives  much  more  uniform  restilts. 

I  have  used  the  dilute  nitric  acid  on  several  magnetites  and  hema- 
tites from  different  parts  of  the  country  with  some  very  gratifying 
results,  and  hope  to  present  these,  both  positive  and  negative,  at  an- 
other meeting. 

Previous  to  the  introduction  of  this  method  by  Mr.  Dawes  I  had 
not  known  of  its  use  in  connection  with  iron  ore,  although  it  is 
commonly  applied  to  phosphates  and  fertilizers;  and  this  paper  is 
presented  with  the  hope  that  some  chemist  who  has  appetizing  ore 
to  deal  with  may  be  helped  thereby. 

Discussion. 

.  David  H.  Browne,  Ann  Arbor,  Mich.  (Communication  to  the 
Secretary) :  In  regard  to  Mr.  Woodbridge's  interesting  paper,  I 
would  say  that  I  have  had  experience  with  this  method  since  1886. 
In  that  year  ray  attention  was  called  by  Mr.  Brewster,  chemist  of 
the  Chapin  mine,  at  Iron  Mountain,  Mich.,  to  a  short  paragraph  in 
the  Engineering  and  Mining  Journal,  by  Mr.  Jennings,  chemist  at 
the  Commonwealth  mine,  in  which  the  solubility  of  phosphorus  in 
iron-ores  in  nitric  acid  was  pointed  out. 

I  have  made  frequent  use  of  this  method  since  that  time,  and  must 
say  that,  with  hematite  ores  at  least,  I  have  found  it  more  rapid  than 
accurate.  In  some  of  the  soft  blue  hematites  of  northern  Michigan, 
the  phosphorus  exists  entirely  as  apatite,  and  is  therefore  entirely 
soluble  in  dilute  nitric  acid  ;  in  others,  of  exactly  the  same  appear- 
ance, nitric  acid  fails  to  extract  all  the  phosphorus,  which  is  easily 
dissolved  by  hydrochloric  acid  ;  and  instill  other  ores,  I  have  found 
that  without  previous  fusion  with  alkali  carbonate  neither  nitric  nor 
Iiydrochloric  acid  will  extract  all  the  phosphorus.     As  it  is  impos- 
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sible  to  tell  from  the  appearance  of  an  ore  whether  all  or  part  of  the 
phosphorus  is  soluble  in  nitric  acid,  I  have  found  this  method  of  use 
only  where  rapid  generalization  of  an  ore  as  Bessemer  or  non-Bes- 
semer was  desired.  Even  in  such  cases  its  use  was  attended  with  a 
certain  risk ;  for  if  low-phosphorus  results  were  obtained,  there  was 
always  a  doubt  whether  the  ore  was  really  Bessemer,  or  whether  its 
phosphorus  was  only  slightly  soluble  in  nitric  acid.  On  the  other 
hand,  if  high  results  were  obtained,  the  ore  was  certainly  non-Bes- 
semer. For  such  purposes,  I  have  used  this  method  in  connection 
with  permanganate  titration  of  the  yellow  precipitate,  and  have  ob- 
tained results  afterwards  found  to  be  accurate  within  0.005  per  cent. 
in  three  hours  after  the  sample  was  taken  from  underground.  For 
the  analysis  of  certain  ores,  as,  for  instance,  that  from  the  Vermilion 
mine,  and  from  Lake  Angeliue,  this  method  cannot  be  used,  as  the 
phosphorus  is  not  entirely  soluble,  either  in  nitric  or  hydrochloric 
acid,  and  such  ores  must  be  fused  with  alkaline  carbonates  in  order 
to  render  the  phosphorus  soluble. 

In  the  majority  of  hematites,  almost  all  the  phosphorus  is  ex- 
tracted by  one  hour's  boiling  with  dilute  nitric  acid.  Especially  is 
this  the  case  with  non-Bessemer  ores.  For  example,  in  a  hematite 
containing  0.507  per  cent,  phosphorus,  on  boiling  2  grammes  with 
50  c.c.  nitric  acid  (sp.  gr.  1.10),  I  found,  after  one  hour,  0.501,  and 
after  an  hour  and  a  half,  0.503  per  cent,  of  phosphorus  had  been 
removed.  In  lower  ores  the  percentage  of  phosphorus  dissolved 
was  not  so  great.  From  an  ore  containing  0.063  phosphorus,  by  boil- 
ing one  hour  with  100  c.c.  nitric  acid,  I  found  that  0.059  phosphorus 
was  dissolved.  These  examples  show  close  agreement,  but  such  re- 
sults are  not  always  obtained.  In  rapid  work  on  samples  from 
underground,  where  accurate  result^  are  desired  as  soon  as  possible, 
I  have  found  Emmerton's  volumetric  method  invaluable  ;  but  for 
stock-pile  and  car-samples,  and  for  analyses  of  ore  sold  under  close 
guarantee,  I  have  found  nothing  superior  to  the  old-fashioned  method 
of  estimation  as  magnesium  pyrophosphate. 

Mr.  Woodbridge  (Communication  to  the  Secretary) :  I  have 
read  with  pleasure  Mr.  Browne's  communication  in  regard  to  this 
method,  especially  as  he  gives  his  experience  with  hematite,  while 
my  experience  has  been  mainly  with  magnetite.  In  the  few  hema- 
tites I  have  examined  I  have  had  but  one  failure;  and  in  that  case 
the  sample  was  too  small  for  a  thorough  test.  From  magnetite  I 
have  succeeded  in  every  experiment  in  extracting  all  the  phosphorus 
in  one  half-hour's  boiling  with  the  dilute  acid  (one  part  nitric  acid 
Vol.  XVII. — 48 
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rn  four  parts  water).  As  indicated  in  the  title  of  my  paper,  no 
claim  of  accuracy  is  made  for  this  method,  ex('ej)ting  in  the  case  of 
Mineville  magnetic  ore;  and,  although  Mr.  Browne's  experience 
indicates  that  it  is  not  safe  to  apply  this  method  generaUij,  still,  if 
care  is  taken  to  test  its  accuracy  thoroughly  on  ore  from  a  certain 
locality,  it  may  be  used  with  great  advantage.  As  an  instance,  I 
have  made  six  phosphorus  determinations  in  three  hours  in  ores 
carrying  from  0.02  to  0.07  per  cent,  of  phosphorus,  ten  grammes  of 
each  sample  being  taken  for  analysis.  I  agree  with  Mr.  Browne 
that,  at  the  present  time,  the  court  of  final  resort  in  a  phosphorus 
determination  is  the  "  magnesia  method  ;"  and,  therefore,  would  not 
recommend  the  dihite  nitric  acid  method,  except  for  general  work 
and  with  occasional  verification  of  results. 


SUPPLEMENTARY  NOTE  ON  BLAST-FURNACE  LINES. 

BY  EDWARD  WALSH,  JR.,  ST.  LOUIS,  MO. 

(New  York  Meeting,  February,  1889.) 

The  difficulty  of  securing  for  experimental  research  the  actual 
conditions  to  be  found  in  practice  very  frequently  deters  many  from 
engaging  in  such  work.  Probably  no  metallurgical  operation  is  more 
difficult  to  imitate  in  the  laboratory  than  the  blast-furnace  process. 
So  many  complex  reactions  take  place  within  the  furnace,  under  such 
varied  conditions  of  time  and  temperature,  with  innumerable  mechan- 
ical, physical,  and  chemical  mutations,  that  while  the  results  reached 
may  approximate  those  obtained  in  practice,  there  is  always  some- 
thing wanting.  Much  work  of  this  kind  has,  nevertheless,  been 
done,  and  is  now  being  undertaken.  We  are  indebted  to  the  bold 
minds  who  have  attempted  it  for  our  present  real  knowledge  of  the 
blast-furnace  process.  Not  that  those  who  have  performed  series 
of  experiments  at  a  few  given  temperatures  can  claim  the  honor.  It 
required  more  than  this — the  ability  to  make  a  summary  of  all  pre- 
ceding experiments,  to  su]>ply  those  which  were  wanting,  and  to 
confirm  those  that  were  doubtful. 

Sir  I.  Lowthian  Bell,  whose  able  papers  before  the  Chemical 
Society  and  the  British  Iron  and  Steel  Institute  (forming  the  basis 
of  his  great  work,  The  Chemical  Phenomena  of  Iron- Smelting)  has 
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contributed  more  than  anybody  else  to  an  exact  chemical  knowledge 
of  the  blast-furnace. 

To  the  practical  man  tiie  knowledge  of  the  chemistry  of  the  fur- 
nace has  advanced  far  enough  to  meet  present  requirements,  for  prac- 
tice has  now  fully  availed  itself  of  its  teachings.  For  technical 
finesse  there  is,  ho\yever,  very  much  yet  to  be  determined.  It  has 
been  clearly  demonstrated  that  carbonic  oxide  (with  the  necessary 
appliances  for  furnishing  and  heating  the  air  and  with  proper  admix- 
tures of  ores,  fuel,  and  stone)  is  the  main  factor  in  the  blast-furnace 
process.  The  generation  of  this  gas  before  the  tuyeres  furnishes  the 
heat  to  melt  the  slag  and  metal,  while  the  gas  itself  is  the  reducing 
agent  throughout  the  entire  process.  It  reduces  iron  oxides  into 
metal,  and  in  the  cooler  portions  of  the  furnace  it  furnishes  by  dis- 
sociation the  metalloid  carbon,  in  a  more  attenuated  form  than 
in. the  solid  fuel,  to  form  fusible  cast-iron.  The  temperatures 
at  which  this  gas  acts  on  iron-ores  have  been  shown,  while  the  tem- 
peratures at  which  it  fails  to  exert  a  reducing  influence  have  also 
been  determined. 

With  this  information  before  us,  we  may  reasonably  consider 
the  main  requirements  of  the  blast-furnace  to  be :  First,  that  it 
should  be  a  good  generator  of  carbonic  oxide  gas ;  Secondly,  that 
the  gas  thus  produced  should  be  used  as  effectively  as  possible  on 
the  materials  to  be  treated. 

In  a  former  paper  on  the  "  Irregularities  of  the  Blast-Furnace  Pro- 
cess, and  a  Practical  Way  to  Avoid  Them,"*  I  attempted  to  show  that 
"  by  placing  the  bosh  or  widest  diameter  of  the  furnace  entirely  and 
safely  within  the  zone  of  complete  fusion,"  "a  constant  supply  of 
fuel  before  the  tuyeres"  would  be  secured.  Under  this  condition 
(with  the  aid  of  a  reliable  blowing-engine)  the  furnace  becomes, 
within  the  fusion-zone,  an  excellent  gas-producer,  thereby,  as  it 
would  seem,  entirely  meeting  the  first  requirement. 

This  suggestion  was  received,  as  I  afterwards  learned  from  various 
sources,  as  worthy  of  consideration.  In  the  discussion  of  the  paper, 
however,  I  was  severely  criticized  for  attempting  to  suggest  a  reduc- 
tion of  cubical  capacity  with  the  object  of  gaining  sure  mechanical 
delivery  of  the  solids,  and  obtaining  high  reducing  effects  by  restrict- 
ing the  sectional  areas  of  the  zones  in  the  shaft.  My  aim  was  to 
secure  a  greater  tension  of  the  reducing  gases,  and  a  better  distri- 
bution of  them  throughout  the  furnace-shaft,  thus  to  promote  their 

Trans.,  xv.,  419. 
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better  trauspiration  through  the  ores  ;  thereby  adding  largely  to  the 
reducing  effect,  as  announced. 

The  statement  of  my  original  paper,  "Hence  we  may  conclude 
that  the  more  narrow,  within  practical  limits,  the  furnace-shaft  is 
constructed,  the  more  thorough  and  the  more  energetic  the  actions 
of  reduction  and  carbon-impregnation  will  be,"  etc.,  was  deliberately 
made.  I  have  failed  to  observe  anything  since  to  make  me  alter  the 
])ractical  conclusion  there  reached. 

It  was  drawn  rather  from  comparisons  of  the  actual  workings  of 
furnaces  of  different  designs  than  from  the  tests  of  Mr.  Bell,  which, 
however,  tend  to  confirm  it. 

To  show  that  the  above  views  are  correct,  I  submit  the 
outlines  of  a  few  furnaces  with  comparative  data  of  their  work  in 
tabular  form,  as  shown  on  page  756.  It  may  be  well  to  add  that  the 
Union,  No.  2  (Fig.  6),  and  the  Treibach,  No.  3  (Fig.  8)  (which  re- 
quire less  coke  and  charcoal  respectively  per  ton  than  any  furnaces 
that  have  come  under  my  observation),  do  not  owe  their  low  fuel- 
consumption  to  large  cubical  capacity,  to  the  employment  of  high 
temperature  of  blast,  or  to  the  great  length  of  time  the  materials 
are  allowed  to  remain  in  the  furnaces. 


A  BAPID  METHOD  FOR  THE  REDUCTION  OF  FERRIC  SUL- 
PHA TE  IN  VOL  U METRIC  ANAL  YSIS.  * 

BY    CLEMENS    JONES,    HOKENDAUQUA,    PA. 

(New  York  Meeting,  February,  1889.) 

Discussion. 

J.  K.  EvELETH,  Anaconda,  Montana  (Communication  to  the 
Secretary) :  Partly  for  the  reasons  which  Mr.  Jones  enumerates,  and 
partly  because  of  the  presence  of  copper  in  greater  or  less  quantities 
in  so  large  a  proportion  of  the  ores  throughout  this  region,  I  have 
also  found  Marguerite's  method  the  most  convenient  and  satisfactory 
for  the  determination  of  iron.  In  order  to  avoid  the  previous  pre- 
cipitation of  the  copper  with  H^S  on  the  separation  of  the  iron  by 
means  of  ammonia,  with  the  consequent  necessity  for  re-precipitatiou 

*  See  page  4n. 
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and  repeated  washings,  in  case  the  percentage  of  iron  is  at  all  large, 
my  usual  practice  has  been  to  introduce  the  zinc,  by  means  of  a 
platinum  basket,  into  the  solution  containing  the  sulphates  of  iron 
and  copper.  De-oxidation  being  completed,  the  solution  of  ferrous 
sulphate  is  filtered  from  the  precipitated  copper  into  a  titrating  flask, 
in  which  is  hung  another  basket  containing  two  or  three  small  pieces 
of  fresh  zinc,  by  means  of  which  a  gentle  action  is  kept  up,  just 
sufficient  again  to  reduce  any  iron  which  may  possibly  have  been  re- 
oxidized  during  the  process  of  filtration  ;  and  in  a  few  moments  the 
solution  is  ready  for  titration.  By  this  use  of  the  baskets,  the  opera- 
tion can  be  hastened  considerably,  since  the  zinc  can  be  withdrawn 
as  soon  as  the  reduction  is  complete.  Moreover,  this  does  away  with 
the  necessity  for  the  application  of  heat  and  the  addition  of  a  large 
amount  of  sulphuric  acid,  in  order  to  dissolve  such  zinc  as  may  be 
in  excess.  At  the  best,  however,  this  process  requires  considerably 
more  time  than  Mr.  Jones  finds  necessary  in  the  use  of  his  ingenious 
apparatus.  But  it  would  seem  that,  unless  a  previous  separation  of 
iron  and  copper  is  effected  before  reduction,  the  precij)itated  metallic 
copper  might  interfere  considerably  with  the  rapidity  of  the  operation, 
long  before  the  exhaustion  of  the  pulverized  zinc  in  the  tube. 

Mr.  Jones  (Communication  to  the  Secretary)  :  As  Mr.  Eveleth 
observes,  the  presence  of  a  large  amount  of  copper  would  interfere 
with  rapid  titration,  in  reducing  ferric  sulphate  solutions.  Still,  a 
few  moments  only  would  be  required  to  replace  the  pulverized  zinc 
for  each  filtration  through  the  reductor,  so  that,  with  strong  suction, 
a  ferric  solution  could  be  reduced  in  ten  minutes  at  most.  Or,  an 
arrangement  of  several  zinc  plates,  similar  to  a  Smee  galvanic  cell, 
lowered  into  the  solution,  would  precipitate  the  copper  in  three  or 
four  minutes.  The  plates  could  be  washed  off,  and  the  solution  fil- 
tered, and  then  transferred  to  the  reductor. 


THE  BEOPENINQ  OF  THE  TILLY  FOSTER  IRON-MINE. 

BY   F.    H.   M(  DO  WELL,    NEW  YORK. 

(New  York  Meeting,  February,  1889.) 

During  the  last  eighteen  months  the  Tilly  Foster  Iron  Mine 
Company,  the  President  of  which  is  Mr.  E.  F.  Hatfield  and  the 
Managing  Director  Mr.  B.  G.  Clarke,  has  been  carrying  out  a  plan 
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for  the  reopening  of  its  iron-mine  at  Tilly  Foster,  Putnam  county. 
New  York,  which,  for  boldness  of  design  and  promptness  of  execu- 
tion, stands  unrivalled. 

The  credit  for  bringing  the  operation  to  its  present  stage  of  suc- 
cess belongs  to  Mr.  E.  S.  Moffat,  general  manager,  who  has  had 
charge  of  the  whole  operation,  and  Mr.  Clinton  Stephens,  of  the 
firm  of  Stephens  <fc  Arnold,  contractors.  Tl>e  writer  litis  been  con- 
nected with  the  work  as  engineer. 

An  account  of  the  mine  and  its  history  will  be  found  in  the  paper 
of  Mr.  A.  F.  Wendt,  on  "The  Iron-Ores  of  Putnam  County,  New 
York"  {Trans.,  xiii.,  478);  and  a  yery  able  and  interesting  discussion 
of  the  structure  and  form  of  the  deposit  is  contained  in  the  paj^er  of 
Mr.  Ferdinand  S.  Ruttmann,  "  Notes  on  the  Geology  of  the  Tilly 
Foster  Ore-body"  {Trans.,  xv.,  79). 

The  Tilly  Foster  mine,  before  its  purchase  by  the  present  owners, 
was  worked  in  a  desultory  way,  whenever  the  price  of  ore  reached 
the  point  of  a  small  profit  over  the  high  rates  of  freight  and  cost  of 
mining.  Under  the  present  management,  a  larger  and  more  regular 
out[)ut  was  maintained  until  the  old  system  of  mining  could  no 
longer  be  pursued.  The  old  system  consisted  in  sinking  on  the  ore- 
body  from  the  surface  to  the  165-foot  level,  and  leaving  ore-pillars 
to  support  the  hanging-wall,  the  vein  being  over  1 00  feet  wide  at 
this  level,  and  the  overhang,  in  places,  nearly  50  feet. 

When  these  pillars  proved  inadequate  and  caves  occurred,  both 
ore  and  rock  were  removed  from  the  pit,  and  the  ore  was  assorted  on 
the  bank,  precautions  being  taken  to  prevent,  by  the  erection  of  dry 
masonry  and  cement  walls,  the  spread  of  these  caves  at  the  ends  of 
the  pit. 

After  the  pit  was  exhausted,  new  workings  were  opened  below  th-e 
165-foot  level  by  means  of  inclines  sunk  on  the  foot- wall,  which  has 
a  slope  of  about  6Q°.  Stations  were  cut  and  drifts  were  run  right 
and  left  along  the  foot-wall  at  every  100  feet  in  depth,  and  cross- 
cuts were  made  to  the  hanging-wall,  with  upraises  into  chambers,  20 
feet  wide,  leaving  pillars  20  feet  thick  and  floors  from  15  to  25  feet 
hick.  Then  an  effort  was  made  to  rob  the  mine  of  its  pillars,  first 
by  springing  brick  arches  at  the  south  end  from  foot-  to  hanging- 
wall,  to  take  the  place  of  the  pillars,  and  later,  by  drawing  the  ore 
from  the  chambers  after  caves  had  been  developed  in  both  floors 
and  pillars.  These  efforts  failed,  as  did,  in  turn,  every  other  scheme 
devised  for  the  extraction  of  the  reserves.  The  situation  called  for 
heroic  measures ;  and  the  plan  finally  adopted  necessitated  the  hand- 
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lino;  of  ovor  500,000  tons  of  rock,  with  the  expenditure  of  more  than 
^250,000. 

Fig.  1  is  a  plan,  and  Figs,  2,  3,  and  4  are  sections  selected  from 
fifty,  taken  10  feet  apart  throughout  the  length  of  the  deposit.  It 
will  be  seen  that  the  scheme  adopted  necessarily  involved  stripping 
to  the  165-foot  level  at  all  points.  In  some  parts  of  the  mine, 
where  the  greatest  width  of  ore-body  occurs  (as  shown  for  instance 
in  Fig.  5),  the  stripping  must  go  even  deeper.     The  new  hanging- 

A  BCD       ^'9-  '•       E  f  Q 


PLAN  OF  EXCAVATIONS  AT  THE  TILLY  FOSTER  MINE. 

wall  slope  varies  from  a  vertical  position  to  an  inclination  of  one 
foot  horizontal  in  six  feet  vertical. 

Up  to  the  present  time,  no  difficulty  has  been  experienced  in 
securing  good,  strong,  natural  vsralls,  and  the  work  of  stripping  is 
now  (May  1st,  1889)  so  far  advanced  that  Messrs.  Stephens  &  Ar- 
nold have  entered  into  a  contract  to  deliver  a  minimum  of  50,000 
tons  of  shipping-ore  during  1889. 
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The  methods  devised  by  Mr.  Stephens  for  the  rapid  removal  of 
rock  and  ore  are  worthy  of  consideration.  At  the  narrow  ends  of 
the  ore-body,  steam  derricks  are  in  use,  and  across  the  intervening 
space  of  about  300  feet,  four  cables  have  been  stretched.     Two  of 


Fig.2. 


SECTION   B.(FIG.  1.; 


these,  shown  in  Fig.  6,  are  horizontal  cables,  2  inches  in  diameter, 
supported  at  each  end  by  well-braced  towers,  and  strongly  anchored 
into  the  rocks.     On  each  cable  a  trolley  is  moved  back  and  forth 
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l)v  :i  traversing  rope,  passing  around  one  drum  of  the  engine,  while 
another  drum  of  equal  diameter  earries  tlie  fall-rope  which  hoists 
the  rock  and  ore  out  of  the  pit.  As  the  engines  are  combined 
"  link-motion  "  and  "  friction,"  the  engineer  can  naovehis  load  hori- 
zontallv  or  vertically  :it  will.     The  other  two  cables  are  inclined. 


Fig.3. 


SECTION  C.(FIG.  1.) 


one  end  being  anchored  in  the  foot- wall  about  100  feet  from  the 
surface,  and  the  other,  after  passing  over  a  tower,  on  the  bank. 
In  this  system  the  movement  of  the  trolley  in  its  descent  is  regulated 
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by  a  stop-block,  the  location  of  which  on  the  cable  is  controlled 
through  a  tail-rope  by  the  engineer,  one  drum  being  made  to  raise 
the  load  vertically  out  of  the  pit  and  along  the  incline  cable  to  the 
surface. 


Fig.  4. 


SECTION   E.tFIG.  1.) 

To  save  time  and  handling,  the  car-bodies  are  lifted  from  the 
trucks,  lowered  into  the  pit,  and  exchanged  for  loaded  ones,  which 
are  hoisted  to  the  surface,  lowered  upon  the  trucks,  and  run  out  to 
the  dumps  by  horses.     In  this  way  1000  tons  of  material  have  been 
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haiullod  every  ten  hours.  To  expedite  the  work  of  loading  the  car- 
bodies,  liijht  auxiliary  cables  are  used,  by  means  of  which  pieces  of 
roek  too  large  for  the  nien  to  lift  are  readily  hoisted  into  the  bodies, 
while  the  main  cables  are  kept  busily  employed  in  removing  those 
already  loadeil. 

The  ore  has,  in  the  past,  been  cobbed  and  assorted  by  hand  on  the 
bank.  A  large  ]}rennan  crusher  has  lately  been  erected,  and  here- 
after the  sorting  will  be  done  in  the  pit  and  the  ore  will  be  reduced 
to  furnace-size  on  the  bank.  The  taking  of  monthly  measure- 
ments upon  which  to  base  estimates  for  contractors  has  been  no  small 

Fig.  5. 


LONGITUDINAL   StCTION 


CROSS   SECTION 


LONGITUDINAL  SECTION   THROUGH   THE    TILLY    FOSTER    MINE,    AND    CROSS 
SECTION    AT  THE   WIDEST   PART  OF  THE   ORE-BODY. 


task,  especially  as  there  are  two  classes  of  materials  to  be  blasted  and 
hoisted  from  each  of  the  four  levels,  besides  a  special  class,  making 
nine  classes  in  all,  with  their  corresponding  prices. 

P'ifty  cross-section  sheets,  made  uj)  from  careful  preliminary  sur- 
veys, upon  which  the  elevations,  taken  every  10  feet  across  the  pit, 
have  been  plotted,  afford  a  means  of  keeping  accurate  records  of  the 
progress  of  the  work.  The  planimeter  has  been  used  to  good  pur- 
pose at  the  end  of  each  month  to  get  up  prompt  returns  for  the 
contractors;  and  these  have  been  checked,  in  turn,  by  prism- 
measurements,  which  are  final  and  conclusive.  At  the  writer's  re- 
quest, Mr.  C.  C.  Matte.s,  the  mining  engineer  of  the  Company,  has 
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been  associated  with  him  in  this  work,  and  has  lately  developed  a 
very  comprehensive  system  of  measuring  the  pit  by  means  of  a  trol- 
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loy,  t leveling  upon  a  light,  suspended,  movable  cjible,  the  leveler 
remaining  with  his  instrument  on  the  bank.  This  will  prove  inval- 
uable as  tlepth  increases,  and  is  worthy  of  a  special  paper. 

Some  idea  of  the  length  and  height  of  the  ore-pillars  may  be  ob- 
tained by  reference  to  the  cro.ss-sections  made  by  Mr.  Ruttmann, 
and  shown  in  the  illustrations  of  his  paper  already  cited.  The 
shipping-ore  is  now  mined  by  the  contractors  for  from  85  cents  to 
$1.00  per  ton,  the  lean  ore  being  delivered  to  the  dump  at  rock- 
prices,  which  are  from  $1.15  to  $1.45  per  cubic  yard,  according  to 
the  level  hoisted  from. 

The  undertaking  has  been  based  upon  the  expected  recovery  of 
600,000  tons  of  shipping-ore,  against  which  a  royalty  of  $i.00  per 
ton  is  charged  to  cover  the  stripping  and  incidental  expenses. 

Earnest  efforts  are  now  being  made  to  utilize  the  lean  ore,  which 
has  heretofore  been  a  waste  product,  and  to  increase  the  ultimate 
output  of  ore  by  judicious  mining,  in  the  hope  of  reducing  the  cost 
of  stripping  to  50  or  60  cents  per  ton  on  the  aggregate  of  ore  thus 
made  available. 

The  following  statement  gives  a  comprehensive  view  of  the  pro- 
gress of  the  work.  Readers  of  the  papers  of  Messrs.  Wendt  and 
Ruttmann  will  be  aware  that  the  rock  is  gneiss  and  the  ore  mag- 
netite : 


Number  of  Cubic   Yai'ds  Removed. 


June, 

1887, 

600.00 

August,        1888, 

.     14,858.41 

July, 

II 

.      3,682.00 

September,     " 

.     13,8.50.75 

August, 

1. 

.      4,817.13 

October,          " 

.     12,896.66 

Septeaiber, 

" 

,       7,684.68 

November,      " 

.     12,669.97 

October, 

« 

8,785.00 

December,      " 

.     12,024.95 

Novell)  ber. 

" 

.     10,512.47 

January,      1889, 

.     11,939.07 

December, 

II 

.     11,428.12 

February,        " 

.     10,309,18 

January, 

1888, 

.       9,983.40 

Marcii,  " 

.     12.149.44 

February, 

II 

.     10,088.24 

April,              " 

.       7,406.87 

^[arcli, 

April, 

May, 

i< 

.       9,31216 
.     10,707.18 
.     13,221.78 

Stripping-ore, 

234,.570.39 
.       7,211.66 

June, 

<i 

.     13,443.95 

Rock,    . 

.  227,358  73 

July, 

(1 

.     12,198.98 

The  ore  removed  during  the  progress  of  the  stripping  has 
amounted  to  721 1 .66,  leaving  227,358.73  cubic  yards  of  rock.  This 
amount  of  rock  includes  several  thousand  tons  of  lean  ore  accumu- 
lated on  the  dump,  in  addition  to  about  100,000  of  such  ore,  mined 
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before  the  stripping  began.  The  whole  quantity  is  now  awaiting 
the  results  of  experiments  in  progress,  to  determine  the  details  of 
subsequent  treatment.  At  the  present  time  the  material  hoisted  is 
almost  wholly  first-class  and  lean  ore. 


THE  OCCURRENCE  AND   TREATMENT  OF  THE  ARGENTI- 
FEROUS MANGANESE  ORES  OF  TOMBSTONE 
DISTRICT,  ARIZONA. 

BY  CHARLES  W.  GOODALE,  BUTTE  CITY,   MONTANA. 
(Utah  and  Montana  Meeting,  July,  1887.) 

The  attention  of  the  Institute  has  been  called  by  Prof.  John  A. 
Church*  and  Mr.  W.  Lawrence  Austinf  to  the  free-milling  ores  of  the 
Tombstone  mines  and  their  treatment,  but  the  silver-bearing  man- 
ganese ores  of  the  district  have  received  only  a  passing  notice. 

As  these  ores  show  some  interesting  peculiarities,  and  have  yielded 
not  less  than  750,000  ounces  of  silver,  they  are  worthy  of  some  study. 

The  Knoxville,  Lucky  Cuss,  Luck  Sure,  and  Wedge  mines  (named 
in  the  order  of  their  importance)  are  situated  along  the  northern 
border  of  the  district.  They  have  been  the  leading  producers  of 
this  manganese  ore,  and  possess  the  same  general  characteristics. 
Special  attention  will  be  given  to  the  Knoxville,  as  it  has  been  the 
one  most  extensively  developed. 

The  limestone  belt,  in  which  the  Knoxville  ore  bodies  occur,  has 
an  easterly  and  westerly  trend,  is  about  1680  feet  wide,  and  rests 
on  granite  on  the  north,  the  plane  of  contact  being  nearly  vertical. 

It  ia  overlain  by  quartzite,  the  contact-plane  having  a  dip  of  82°. 
Some  mining  has  been  done  along  these  contacts,  and  a  considerable 
amount  of  pay  ore  has  been  extracted,  but  development  has  been 
very  superficial.  The  ore  found  along  these  contact  planes  contains 
very  little  manganese,  and  differs  entirely  from  the  ore  in  the  lime- 
stones. 

No  attempt  will  be  made  to  assign  this  limestone  country-rock  to 
a  particular  geological  horizon,  as  no  fossils  have  been  found  in  it. 

Prof  Blake,  in  a  paper  on  "The  Geology  and  Veins  of  Tombstone, 
Arizona"  {Trans.,  x.,  334),  speaks  of  the  middle  and  upper  strati- 

*  Concentration  and  Smelting  at  Tombstone.  Arizona.     Trans.,  xv.,  601. 
t  Silver  Milling  in  Arizona,     Trans.,  xi.,  91. 
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fied  beds  of  limestones,  shales,  and  quartzites  as  "  Palseozoic  and 
probably  lower  Carboniferous."  There  arc  no  positive  evidences  of 
stratification  in  the  Knoxville  limestone,  althongh  indications  may 
be  noted  in  some  places  which  wonld  lead  to  the  conclusion  that  the 
strata  are  parallel  to  the  plane  of  contact  with  the  quart/ite. 

In  cross-cutting  a  great  variation  in  the  character  of  the  limestone 
is  observed.  Some  zones  are  so  siliceous  as  to  approach  quartzite, 
though  the  greater  ])art  of  the  rock  is  limestone,  carrying  9J^  per 
cent,  of  carbonate  of  lime. 

The  ore-chimneys,  which  dip  to  the  east  at  an  angle  of  40°  to  50°, 
occur  along  a  crack  or  plane  of  cleavage  nearly  vertical,  and  having 
an  easterly  and  westerly  strike.  INIarked  evidences  of  slips  and 
faults  are  entirely  wanting,  and  an  effort  to  apply  the  theory  of  hot 
springs  to  account  for  the  origin  of  the  ore-bodies  is  met  with  the 
difficulty  of  explaining  how  a  sufficient  opening  was  made  for  the 
hot  water  to  obtain  access  and  cut  out  the  large  channels.  The 
chimneys  are  somewhat  irregular  in  shape  and  vary  in  size.  Four 
of  them,  all  more  or  less  connected  near  the  surface,  have  been  de- 
veloped— three  to  a  vertical  depth  of  400  feet,  and  the  fourth  to  150 
feet. 

In  drifting  from  the  main  shaft,  the  crack  or  plane  of  cleavage 
above  mentioned  was  a  sure  guide  to  the  ore-bodies,  though  its  width 
was  not  appreciable,  and  there  was  not  even  a  knife-blade  seam  of 
"clay"  or  "talc"  between  the  walls. 

There  were  no  indications  of  ore  until  the  drifts  were  within  a  few 
feet  of  the  ore-bodies,  where  the  walls  of  the  crack  were  stained  with 
black  oxides  of  manganese  and  some  carbonate.  Small  detached 
pockets  of  pure  manganese  oxide  also  indicated  proximity  to  the 
chimneys,  but  these  small  bodies  carried  very  little  silver.  The 
filling  of  the  chimneys  included,  in  a  great  variety  of  forms*  pyro- 
lusite,  wad,  and  psilomelane.  It  is  not  improbable  that  a  searching 
examination  would  have  discovered  the  rarer  oxides,  braunite,  man- 
ganite,  and  hausmannite.  The  gangue  was  quartz  and  calcite.  Gal- 
enite,  cerussite,  pyroraorphite,  cuprite,  melaconite,  and  malachite 
were  occasionally  observed,  and  the  assay  showed  a  little  gold — 
about  Yoo  of  an  ounce,  or  20  cents  to  the  ton. 

Caverns  were  found  in  the  widest  parts  of  the  ore-bodies  which 
were  lined  with  snow-white  and  crystalline  calcite.  The  purest 
manganese  ore  formed  the  lining  of  the  chimneys,  the  percentage  of 
gangue  being  greater  in  the  middle.  Two  classes  were  therefore 
made  of  the  ore  in  preparing  it  for  shipment,  tiie  first  class  being 
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composed  of  the  more  siliceous  and  higher  grade  ore,  and  the  second, 
being  low  in  silica,  was  valuable  as  a  flux,  though  some  of  it  did  not 
carry  enough  silver  to  pay  for  smelting. 

The  following  analyses  will  show  the  character  of  the  two  classes 
of  ore,  which  will  be  designated  as  "milling"  and  "smelting"  ore: 


Milling  Ch-e. 

Analysts  :  D.  Baker,  A.  H.  Low,  M.  W.  lies. 

Per  cent.  Per  cent. 

MnA 74.16  42.77 

Si02 18.10  25.28 

CaO, 1.32 1  21.60 

CO2, 1.33  j 

FeA, 58  3.54 

MgO, 13 

NaandK 1.22 

Sb, 66 

PbO, 50 

CuO,     ......        .20 

Ag, 15 

01, 17 

S, 08 

HjO, 1.67 

100.27 


Per  cent. 
41.30 
24.25 

18.75 
6.80 


Smelting  Ore. 

Analyst :  Walter  Bunce. 


Mn,    . 

O  in  combination, 

SiO„  . 

Fe^Oj, 

CaCOs,       . 

Cu,     . 

Pb,     . 

Ag,    .        . 

HA.      - 


Per  cent. 

47.70 

26.22 

8.70 

1.20 

6.30 

1.21 

.45 

.06 

6.00 


The  analyses  of  Messrs.  Low  and  lies  were  made  from  samples  of 
mill-runs  taken  out  within  100  feet  of  the  surface.  It  will  be  ob- 
served that  the  percentages  of  FcjOg  and  CaCOg  are  much  higher  in 
their  analyses  than  in  the  results  obtained  by  Messrs.  Baker  and 
Bunce  on  ore  taken  out  from  a  depth  of  nearly  350  feet. 

All  of  the  chimneys  yielded  ore  assaying  from  30  to  50  ounces 
silver  per  ton  near  the  surface;  but  below  150  feet  the  silver  con- 
voL.  XVII. — 49 
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tents  decreased  as  depth  was  gained,  with  the  exception  of  No.  2 
chimney  (numbering  from  the  left),  which  produced  a  uniform 
quality  of  ore  so  far  as  it  was  worked.  It  is  therefore  probable 
that  the  silver  was  brought  up  in  solution  through  the  main  chimney 
(No.  2)  and  that  the  other  chimneys  received  their  silver  by  over- 
flow from  it. 

It  is  probable  that  the  chimneys  were  cut  out  by  carbonic  acid 
waters,  for  the  walls  show  unmistakable  signs  of  corrosive  action ; 
just  the  effect  which  would  be  seen  on  a  piece  of  siliceous  limestone 
after  treating  it  with  acids. 

The  origin  of  the  manganese  is  worthy  of  study.  Prof.  W.  P. 
Blake,  after  a  hasty  visit  to  the  Knoxville,  expressed  the  belief  that 
the  manganese  had  been  segregated  from  the  limestone,  through 
which  it  had  been  originally  disseminated  as  carbonate.  After 
making  an  analysis  of  some  pink-stained  limestone  near  one  of  the 
chimneys,  and  finding  much  less  manganese  than  he  expected,  he 
wrote :  "  This  leaves  the  origin  of  the  abundant  black  oxides  more 
in  doubt,  but  I  still  believe  that  the  limestone  is  the  source."  A 
determination  of  manganese  in  a  piece  of  limestone  taken  from  the 
340-foot  level,  about  midway  between  chimneys  2  and  3,  showed 
0.1  per  cent,  manganese. 

There  is  hardly  sufficient  evidence  to  justify  the  belief  that  the 
manganese  was  originally  formed  in  the  chimneys  as  carbonate  and 
silicate.  If,  on  following  these  chimneys  down  below  water-level — 
perhaps  300  feet  deeper — the  fillings  were  found  to  be  rhodoehrosite 
and  rhodonite  below  all  decomposing  influences,  all  doubts  as  to  the 
first  form  of  deposition  would  be  settled.  It  would  be  much  easier 
to  account  for  the  origin  of  these  highly  oxidized  ores  if  they  were 
found  in  bedded  deposits,  for  then  the  theories  which  apply  to  the 
deposition  of  hematites  and  limonites  might  explain  their  origin. 

The  treatment  of  these  argentiferous  manganese  ores,  with  no 
smelting  works  in  the  district  and  no  market  for  them  nearer  than 
Colorado  or  San  Francisco,  was  the  problem  to  be  solved  in  Tomb- 
stone in  the  fall  of  1881. 

Efforts  were  first  made  to  work  them  by  free  milling,  the  heaviest 
manganese  being  sorted  out  before  shipment  to  the  mill.  This 
method  was  soon  abandoned,  as  the  silver  saved  did  not  average  60 
per  cent.,  and  the  loss  of  quicksilver  was  excessive — not  less  than 
7  pounds  to  the  ton  of  ore.  Owing  to  the  presence  of  so  much 
manganese,  this  loss  of  quicksilver  was  to  be  expected ;  but  it  is  not 
known  whether  the  low  yield  can  be  accounted  for  by  the  failure  to 
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amalgamate  or  by  the  "  flouring  "  of  the  amalgam  with  the  quick- 
silver. Applying  the  test  by  hyposulphite  of  sodium  to  determine 
the  amount  of  silver  in  the  condition  of  chloride,  it  was  found  that 
only  24  per  cent,  of  the  silver  was  soluble  in  the  hyposulphite.  But 
this  test,  when  tried  on  the  best  free-milling  ores  of  Tombstone  dis- 
trict, gave  no  indication  of  the  yield  to  be  expected  by  amalgama- 
tion. Such  ores  as  the  Vizina,  Ingersoll,  and  Bradshaw  yielded  from 
80  to  90  per  cent,  of  their  silver  by  free  milling,  but  the  hyposul- 
phite chlorination  test  showed  that  from  45  to  84  per  cent,  of  their 
silver  was  in  the  form  of  chloride. 

A  sample  lot  of  the  Knoxville  ore  was  sent  to  the  Massachusetts 
Institute  of  Technology  for  examination,  and  from  tests  and  analyses 
made  there,  it  was  believed  that  the  silver  not  combined  with  chloride 
was  united  with  copper,  antimony  and  sulphur  in  tetrahedrite.  It 
will  be  seen  from  the  analyses  already  given  that  no  tellurium  was 
reported,  though  it  is  not  improbable  that  this  element  was  present 
combined  with  silver  and  gold.  In  Prof.  Church's  paper  [Trans., 
XV.,  602),  the  presence  of  tellurium  is  mentioned  in  the  ores  mined 
by  the  Tombstone  Mining  and  Milling  Company  and  it  was  found 
in  other  mines  of  the  district. 

Before  giving  up  the  hope  that  some  of  these  manganese  ores 
could  be  treated  by  the  free-milling  process,  every  chemical  known 
in  the  business  was  tried,  and  in  varying  quantities,  but  it  seemed 
impossible  to  prevent  the  manganese  from  fouling  the  quicksilver 
and  causing  a  great  loss.  The  bullion  product  was  nearly  pure 
silver,  and  so  strong  was  the  oxidizing  power  of  the  manganese 
oxides  that  the  bullion  showed  no  trace  of  copper  even  when,  as  an 
experiment,  a  pan-charge  was  run  with  one  hundred  pounds  of  blue- 
stone. 

After  some  experimental  work  in  chloridizing-roasting  in  a  small 
reverberatory  furnace,  under  the  direction  of  Mr.  John  H.  Collier, 
which  proved  that  the  ore  could  be  chloridized  and  amalgamated  up 
to  86  per  cent.,  the  Boston  and  Arizona  Smelting  and  Reduction 
Coompany  added  a  White  and  Howell  furnace  and  revolving  dryer  to 
their  20-stamp  mill-plant,  arranged  15  stamps  for  dry  crushing, 
and  began  the  treatment  of  the  higher  grade  of  Knoxville  ores  by  this 
process.  It  was  found  by  experiments  with  higher  and  lower  per- 
centages of  salt  that  the  amount  required  for  the  proper  chloridization 
of  the  silver  was  6  per  cent,  of  the  weight  of  the  ore.  Ore  and  salt 
were  shoveled  into  the  rock-breaker  together.  Dropping  into  the 
dryer,  and  from  the  dryer  into  the  self-feeders,  it  was  ready  for  the 
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Stamps.  The  batteries  were  provided  with  40-mesli  screens,  it 
liavinu'  been  found  that  with  a  coarser  screen  the  furnace  could  not 
do  elTective  work.  This  siiowed  that  the  silver  was  very  intimately 
associated  with  the  manganese.  From  the  batteries  the  pulj)  was 
taken  by  the  ordinary  elevator  and  screw-con veyoi-  system  to  the 
Howell  furnace,  which  was  24  feet  long  and  4  feet  in  diameter.  The 
cylinder  was  lined  with  fire-brick,  and,  acting  on  the  idea  that  it 
was  inijiortant  to  keep  the  ore  from  falling  through  the  flame  as  much 
as  possible,  half  of  the  bricks  were  placed  edgeways.  A  short  run, 
however,  showed  that  the  draft  carried  too  much  of  the  pulp  into  the 
dust-chamber,  and  the  bricks  on  edge  were  chipped  out.  A  marked 
improvement  was  the  result,  but  after  making  another  short  run,  a 
diaj)hragm  or  flange  was  placed  on  the  upper  end  of  the  cylinder, 
which  left  the  opening  only  3  feet  in  diameter,  and  caused  a  still 
further  reduction  in  the  amount  of  pulp  passing  into  the  dust- 
chambers.  This  ore  in  the  dust-chambers  or  flues  would  not  have 
given  much  trouble  if  the  auxiliary  fire  had  been  effective  in  com- 
pleting the  chloridizing  action  which  was  begun  in  the  cylinder,  but 
with  this  ore  showing  a  chloridization  of  only  30  per  cent.,  the  auxili- 
ary fire  was  given  up  as  useless.  There  is  no  doubt  that  this  dust 
could  have  been  treated  to  the  best  advantage  by  taking  it,  by  means 
of  an  elevator  and  screw-conveyor,  to  the  lower  end  of  the  furnace  and 
dropping  it  into  the  chamber  which  received  the  hot  ore  from  the  cyl- 
inder. But  in  order  to  carry  out  this  plan  so  that  the  stream  of  ore 
would  be  regular  and  the  action  automatic,  an  entire  reconstruction  of 
the  furnace  w^ould  have  been  necessary.  A  different  plan  was  there- 
fore adopted.  The  dust-chambers  were  cleaned  out  every  day,  and 
the  furnace-men  fed  the  dust  into  an  elevator,  which  raised  it  up  to 
the  main  screw-conveyor  carrying  the  ore  from  the  batteries  to  the 
furnace.  It  may  be  surprising  that  it  should  stay  in  the  furnace  any 
better  the  second  time  it  was  put  in  than  it  did  at  first.  The  fact 
that  it  did  so  may  be  accounted  for  on  the  theory  that  the  flue-dust 
possessed  different  characteristics,  having  been  subjected  to  the  heat 
of  the  dust-chambers  long  enough  to  lose  its  carbonic  acid,  oxygen, 
and  moisture  not  expelled  in  the  dryer. 

These  changes  led  to  an  increase  in  the  chloridization  from  85  up 
to  90  per  cent.  The  tailings  contained  about  17  per  cent,  of  the 
pulp-assay,  which  would  leave  83  per  cent,  in  bullion,  but  the  bul- 
lion product  was  81 1  per  cent.  This  difference  is  accounted  for  by 
the  loss  in  dust,  some  of  which  collected  on  the  roof  of  the  waste- 
building.  It  assayed  about  70  ounces  per  ton,  when  the  pulp-assay 
was  about  50  ounces. 
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An  examination  of  the  qnicksilver  in  the  pan-charges  showed  a 
somewhat  broken  condition,  but  it  was  no  longer  foul,  as  in  the  case 
of  raw  amalgamation,  and  there  was  little  difficulty  in  collecting  it 
in  the  settlers.  However,  it  seemed  impossible  to  avoid  a  consider- 
able loss  of  quicksilver — about  three  pounds  and  a  half  to  the  ton 
of  ore. 

The  experience  of  mill-men,  and  the  theory  of  the  reactions  in  a 
chloridizing-roast,  demanded  the  addition  of  sulphur  in  some  form 
to  an  ore  like  this  which  contained  less  than  0.1  per  cent,  of  that 
element.  (See  Roasting  of  Gold-  and  Silver-Ores,  by  G.  Kiistel, 
pages  22  and  27.)  But  the  result  showed  that  the  decomposition  of 
the  salt  was  vigorous  enough,  and  that  chlorination  of  the  silver 
was  effected  without  the  presence  of  sulphuric  acid.  It  might  have 
been  possible  to  get  a  higher  chlorination  of  the  silver  if  the  theory 
of  Kustel — that  "calcareous  ore  requires  as  much  more  green  vitriol 
or  iron  pyrites  as  is  necessary  to  transform  all  the  lime  into  sul- 
phate"— had  been  put  into  practice;  but  sulphuretted  ores  in  suffi- 
cient quantity  were  not  available,  and  the  use  of  copperas  was  out  of 
the  question,  as  will  be  seen  by  the  following  figures.:  The  analyses  of 
Knoxville  ore  show  from  ^.65  to  21.60  per  cent,  of  CaCOg.  These 
were  probably  extremes,  and  the  average  was  not  far  from  10  per  cent. 
This  would  give  5.6  per  cent  of  CaO,  or  112  pounds  to  the  ton,  and 
in  order  to  convert  this  into  CaO,  SOj,,  160  pounds  of  SO3  would  be 
required,  or  more  than  500  pounds  of  copperas  (FeSO^  +  7H.,0). 

It  is  evident  that  this  method  of  introducing  sulphuric  acid  would 
not  do  on  50-ounce  ore,  when  the  cost  of  copperas  laid  down  in  car- 
load lots  exceeded  4  cents  per  pound. 

It  is  worthy  of  note  that  the  ore  as  it  dropped  from  the  cylinder 
into  the  chamber  was  at  a  very  low  red  heat,  and  imperfectly  chlo- 
ridized  (not  over  60  per  cent,  of  the  silver  being  combined  with 
chlorine),  but  that  while  accumulating  in  the  hot  chamber  the  re- 
actions went  on  with  vigor. 

The  total  production  of  the  Knoxville  mine  to  date  has  been 
6000  tons  of  "milling"  ore,  averaging  43  ounces  per  ton,  and 
6200  tons  of  "  smelting  "  ore,  assaying  23.3  ounces  per  ton. 

Nearly  all  of  the  smelting-ore  was  worked  by  the  Tombstone 
Mining  and  Milling  Company  in  smelting  concentrates,  and  Prof. 
Church  has  mentioned  the  treatment  of  this  ore  in  his  paper  already 
referred  to  on  "  Concentrating  and  Smelting  at  Tombstone." 

If  the  Tombstone  district  had  produced  lead-ores  so  that  the 
"  milling  "  ores  could  have  been  worked  by  smelting,  the  profits  of 
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the  mine  woukl  Imve  been  greatly  increased.  Milling  was  too  ex- 
pensive with  salt  at  $30  per  ton,  boiler-wood  at  $9,  and  pine 
wood  for  rtvasting  at  $12  jier  cord  (making  the  cost  per  ton  of  ore 
fur  steam  fuel  $3.50,  and  for  roasting  $2). 

I  am  indebted  to  Mr.  Frank  C.  Earle  for  the  following  analyses 
of  the  limestones  of  the  Tombstone  district: 

CaCO,.  MgCOj.  SiOj. 

No.  1,  .         .     91.33  per  cent.  trace  6.00  per  cent. 

No.  2,         .         .     90.75       "  2.85  per  cent.  5.20 

No.  3,  .         .     96.46       "  trace  2.41         " 

No.  1.  Main  working  shaft,  "Lucky  Cuss,"  near  contact  with 
granite.     White  and  crystalline. 

No.  2.  West  end  of"  Knoxville."     Blue  and  compact. 

No.  3.  "Luck  Sure."  Represents  general  character  of  limestone  in 
the  belt. 

What  little  Fe,  Al  and  Mn  occurred  in  the  samples  was  not 
determined. 

I  am  also  indebted  to  Mr.  H.  G.  Howe,  M.E.,  for  the  accom- 
panying map,  showing  the  location  of  the  group  of  mines  referred 
to.  The  dotted  lines  indicate  the  granite-limestone  and  limestone- 
quartzite  contacts  as  traced  on  the  ground. 

Tn  the  eastern  part  of  Tombstone  district  there  is  another  belt  of 
limestone,  in  which  are  located  the  Bunker  Hill,  Rattlesnake,  and 
Mammoth  claims;  the  ores  from  these  claims  contain  much  manga- 
ne.se,  though  not  to  the  same  extent  as  the  Knoxville,  Lucky  Cuss, 
and  Wedge  ores. 

Discussion. 

Richard  Pearce,  Argo,  Colo.  (Communication  to  the  Secretary): 
I  do  not  quite  see  the  necessity  for  the  "channel-theory  "  to  account 
fur  the  formation  of  these  deposits.  The  gradual  substitution  of  one 
mineral  by  another,  through  the  agency  of  water  and  carbonic  acid, 
would  be  sufficient,  in  my  judgment,  to  account  for  them. 

In  connection  with  the  remarks  of  Mr.  Goodale  as  to  the  original 
form  of  the  manganese  minerals  in  these  ore-bodies,  I  may  observe 
that  somewhat  similar  conditions  exist  at  Butte,  Montana,  where 
large  deposits  of  psilomelane  and  pyrolusite  are  found  in  compara- 
tively i.solated  positions  in  the  country-rock  and  are  evidently  the 
result  of  water-action.  Carbonate  of  manganese  enters  largely  into 
the  composition  of  the  veins  adjoining  these  isolated  deposits,  and 
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water  circulating  through  the  veins,  containing,  perhaps,  manganese 
carbonate  in  sohition  in  carbonic  acid,  finds  some  lateral  outlet 
through  the  natural  joints  of  the  rock,  and  by  a  process  of  gradual 
displacement  these  manganese  oxides  are  formed. 

Similar  conditions  also  exist  in  regard  to  the  silver  contents  of  these 
Butte  deposits.  I  think  that,  as  a  rule,  the  richer  the  ore  in  manga- 
nese, the  poorer  in  silver ;  this  would  indicate  that  possibly  silica  may 
play  some  important  part  in  the  transfer  of  the  silver  from  one  point 
to  another. 

Mr.  Goodale's  account  of  mill-experiments  confirms  my  impression 
that  the  action  of  MnOa  on  quicksilver  in  the  amalgamation  of  silver- 
ores  is  scarcely  understood.  It  appears  from  all  the  evidence  we  can 
obtain,  that  under  certain  conditions  MnOg  is  capable  of  giving  up 
its  oxygen  in  some  nascent  form  which  acts  most  energetically  on  the 
quicksilver.  This  action  is,  in  all  probability,  oxidizing,  as  the 
flouring  of  the  quicksilver  may  generally  be  avoided  by  the  addition 
of  some  baser  metal,  such  as  lead  or  copper,  these  metals  being  more 
readily  oxidized  than  mercury.  In  the  treatment  of  silver-ores, 
containing  much  base  metal,  by  amalgamation,  it  is  often  found 
desirable  to  add  manganese  oxide,  which  has  the  effect  of  preventing 
the  reduction  and  amalgamation  of  the  base  metals  and  leads  to  the 
production  of  a  much  finer  quality  of  bullion. 

Mr.  Goodale  speaks  of  the  supposed  necessity  of  adding  sulphur 
to  effect  a  chloridizing  roasting.  This  my  own  practice  leads  me 
to  think  an  error.  I  worked  the  Augustin  process  for  many  years 
on  copper  in  a  perfectly  oxidized  form,  containing  silver,  without 
the  aid  of  sulphur  in  any  form.  When  the  oxide  of  copper  was 
brought  to  a  proper  temperature  in  the  furnace,  the  chloridizing 
was  effected  by  the  addition  of  a  mixture  of  fine  siliceous  sand  and 
salt,  moistened  with  water.     The  following  is  probably  the  reaction : 

2NaCl  +  SiO^  +  H,0  =  NaA  SiO^  -f  2HC1. 

J.  K.  Clark,  Butte  City,  Montana :  I  can  add  very  little  of 
interest  to  what  has  already  been  said  about  manganese-ores  in  mill- 
ing; but  it  may  be  a  point  worth  noting  that  it  has  been  our  expe- 
rience at  the  Moulton  mill  that  wherever  a  large  amount  of  zinc 
has  been  present  in  our  ores,  the  loss  of  silver  by  volatilization  has 
been  much  reduced  by  a  plentiful  mixture  of  oxidized  manganese 
ore. 

Another  point  may  be  mentioned  as  showing  the  important  action 
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of  iron  in  assisting  amalgamation.  While  running  the  Dexter  mill 
in  Butte,  in  1876,  where  we  ehloridized  in  reverberatory  furnaces, 
the  tailings  continued  to  rise  in  value  most  unaccountably,  until  the 
saving  was  less  than  60  per  cent.,  though  the  chlorination  tests 
showed  95  and  96  per  cent,  of  the  silver  in  the  form  of  chloride 
and  proved  that  there  was  no  fault  in  the  furnace-work.  This  hap- 
pened while  we  were  expecting  new  muUers,  and  as  soon  as  they 
arrived  and  were  put  in,  the  yield  went  right  back  to  where  it 
should  be,  according  to  the  chlorination-tests. 

An  examination  of  the  old  mullers  and  other  iron  parts  of  the 
pan  showed  that  they  were  so  heavily  coated  with  iron  oxide,  say 
Yg-iuch  thick,  that  no  metallic  iron  could  come  in  contact  with  the 
pan-charge.  Since  that  time,  I  have  taken  good  care  that  there  is 
no  lack  of  bright  clean  iron  in  the  pans,  and  I  believe  the  plan  we 
have  adopted  at  the  Moulton — placing  two  or  three  wrought-irou 
bands,  J"  X  4",  around  the  inside  of  the  pan — will  always  assure 
enough  live  iron  to  assist  the  amalgamation. 

It  is  generally  believed  that  the  poor  results  obtained  in  a  pan- 
charge  of  slimes  alone  are  due  to  the  thinness  of  the  pulp,  and  the 
fact  that  the  quicksilver  cannot  be  well  mixed  with  it  and  come  in 
contact  with  the  silver;  but  it  is  my  opinion  that  the  coating  of  the 
iron  parts  of  the  pan  by  the  slimes,  which  would  prevent  the  activity 
of  the  iron,  may  offer  a  better  explanation  of  such  results.  When 
slimes  and  sand  are  worked  together,  the  scouring  action  of  the  sand 
gives  the  iron  a  chance  to  play  its  part. 

Mr.  Goodale:  In  connection  with  the  remarks  of  Mr.  Pearce 
about  the  oxidizing  action  of  MnOg  on  quicksilver,  I  would  say 
that  the  Boston  and  Arizona  Company  purchased  all  the  base  and  sul- 
phuretted ores  they  could  get,  and  offered  good  prices  for  such  ores 
to  mix  with  the  Knoxville  ore.  It  was  found  that  whenever  a 
mixture  could  be  made  which  would  yield  a  bullion-product  con- 
taining from  5  to  10  percent,  of  base  metal,  the  saving  was  increased 
and  the  quicksilver  was  in  better  condition. 
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BY  ROBERT  W.  HUNT,  CHICAGO,  ILL. 

(Xew  York^Meetlng,  February,  1889.) 

Whex  I  had  the  honor  of  presenting  to  the  Institute  at  the 
Buffalo  meeting  in  October,  1888  {T}'ans.,xvu.,  226),  my  paper  on 
"Steel  Rails  and  Specifications  for  their  Manufacture,"  I  expressed 
my  hesitancy  in  submitting  my  ideal  rail-sections.  Since  then, 
continued  residence  in  Chicago,  perhaps,  or  greater  intercourse  with 
railroad  officials,  has  either  given  me  more  courage  or  has  taught 
me  that  so  little  is  really  known  on  the  subject  that  one  is  safe  in 
expressing  one's  views,  let  them  be  ever  so  erroneous.  As  a 
further  personal  excuse,  I  may  remind  you  that  "  fools  rush  in," 
etc.  At  all  events,  I  would  now  call  attention  to  certain  rail-sec- 
tions which  I  believe  to  be  good.  I  do  not  say  they  are  the  best, 
but  I  feel  sure  they  have  more  merit  than  the  majority  of  the 
adopted  heavier-sectioned  rails. 

In  determining  the  proper  form  for  a  rail,  the  subject  should  be 
considered  from  two  points;  first,  and  most  important,  the  duty  re- 
quired ;  second,  and  of  almost  equal  importance,  the  influence  of 
existing  details  of  manufacture  upon  the  character  of  the  finished 
product. 

It  is  perfectly  proper  that  all  the  strains  to  which  the  rail  will  be 
subjected  should  be  considered  and  calculated.  But  its  ability  to 
resist  them  will  depend  quite  as  much  upon  the  character  of  the 
metal  as  upon  the  form  of  its  section.  That  which  would  be  the 
realization  of  the  ideal  with  good  steel  would  be  disappointment 
with  poorer  metal.  Therefore,  the  railroad  engineer  should  always 
have  in  mind  and  pay  due  respect  to  what  the  metal  worker  may 
give  him — the  may  being  the  factor  of  danger  to  be  covered  by  his 
factor  of  safety,  hnd  possessing  greater  importance  than  any  formula 
laid  down  by  never  so  eminent  authorities.  It  is  well-known  how 
positive  is  my  conviction  that  high  heat  during  manufacture  and 
good  rails  cannot  go  together;  hence,  if  we  insist  upon  the  avoidance 
of  this  evil  by  rail-makers,  we  must  give  them  sections  which  can 
be  made  at  low  temperatures  with  commercial  as  well  as  technical 
success. 

The   market-price  for  rails  controls  the  practice  of  makers,  and, 
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indirectly,  the  specifications  of  buyers  also.  Of  course,  railroad 
managers  want  the  best  possible  article,  but  they  must  also  have  it, 
or  its  semblance,  at  least,  as  cheaply  as  their  neighbors.  Great 
reforms  are  generally  inaugurated  by  bold  spirits  who  disregard  the 
controlling  influences.  In  this  case,  I  do  not  think  any  fanaticism 
or  martyrdom  is  required,  but  believe  all  necessary  and  practicable 
perfection  can  be  obtained  without  seriously  antagonizing  or  disturb- 
ing existing  commercial  conditions. 

In  my  former  paper  I  quoted  Mr.  O,  Chanute  to  demonstrate  how 
great  has  been  the  increase  of  wheel-pressures.  Since  then  Mr.  D.  J. 
Whittemore,  Chief  Engineer  of  the  Chicago,  Milwaukee  and  St.  Paul 

Fjg.  1. 
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60  lbs. 

Railroad,  has  presented  an  able  paper  to  the  American  Society 
of  Civil  Engineers,  in  which  he  further  elaborates  that  point.  I 
presume  all  authorities  agree  that  the  necessity  exists  for  stiffer- 
sectioned  or  heavier  rails.  In  other  w^ords,  there  is  a  demand  for 
heavier  rails,  because  the  weight  of  wheel-pressure  requires  a  stronger 
beam  to  support  it.  The  railroad  engineer  naturally  desires  to  secure 
this  with  the  smallest  outlay,  and  hence  with  the  lightest  prac- 
ticable section.  This  can  be  designed,  assuming,  as  before  intimated, 
that  the  metal  in  it  possess  certain  physical  properties.  But  if 
the  calculation  is  to  be  of  value,  these  assumed  properties  must  be 
present. 

The  metal  commonly  known  as  steel  is   almost  as  sensitive  to 
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treatment  as  woman.  It  will  stand  any  amount  of  punishment  if 
administered  by  judicious  hands,  and  unexpectedly  rebel  if  a  less 
amount  is  given  with  indifference.  Now,  we  cannot  always  control 
the  judgments,  or  rather  the  actions,  of  the  irresponsible  steel  opera- 
tives; therefore  sound  policy  dictates  that  we  give  them  a  section  to 
which  they  can  do  the  least  injury. 

The  earlier  rails  which  gave  such  satisfactory  results,  and  which 
have  been  so  constantly  presented  to  rail-riiakers  as  representing 
that  which  they  ought  to  do,  were  all  of  light  sections.  They  were 
made  of  steel  which  had  never  been  heated  to  the  utmost  limit  of 
its  endurance,  and  in  mills  in  which  the  roll-pressures  penetrated 
well  through  the  rail-heads.    In  rolling  later  rails,  the  steel  has  been 

Fig.  2. 
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almost  always  worked  at  a  higher  temperature ;  and,  as  the  sec- 
tions have  been  increased,  the  penetration  of  the  roll-pressures  has 
decreased. 

It  was  supposed  that  the  chemical  character  of  the  steel  in  the 
earlier  rails  accounted  for  their  superior  wear.  Among  the  makers 
of  these  rails,  Sir  John  Brown  &  Co.,  of  Sheffield,  England,  sent  to 
this  country  those  which,  from  their  most  excellent  service,  were 
considered  by  railroad  engineers  as  the  type  of  what  rails  should  be. 
Accepting  the  chemical  theory,  rail-makers  expected  that  the  analyses 
of  these  celebrated  rails  would  present  steel  of  exceptionable  uniform- 
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ity  and  purity.    The  contrary  has  proved  to  be  the  case.    I  have  ex- 
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amined  the  analyses  of  numbers  of  these  rails  which  had  been  removed 
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from  the  track  after  many  years  of  good  wear,  and  had  been  selected 
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as  representing  ideal   rails.     When   we  consider  that  the  carbon 
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varied  from  0.24  to  0.70  per  cent.,,  the  silicon  from  0.032  to  0.306 
per  cent.,  the  phosphorus  from  0.077  to  0.156  per  cent.,  the  sulphur 
from  0.050  to  0.181  per  cent.,  and  the  manganese  from  0.312  to 
1.046  per  cent.,  we  are  forced  to  the  conclusion  that  their  chemical 
composition  was  not  the  controlling  influence  in  their  good  character. 
I  am  therefore  strengthened  in  my  belief  that  the  sections  and  physi- 
cal treatment  of  the  steel  during  manufacture  must  account  for  the 
results  obtained.  As  I  have  stated  on  previous  occasions,  the  early 
steel-makers  did  not  know  so  much  more  than  the  later  ones,  as 


Fig.  7. 


might  be  inferred  from  the  frequent  praise  bestowed  upon  their  work. 
On  the  contrary,  they  had  much  less  knowledge,  and  in  consequence 
were  afraid  to  depart  radically  from  the  existing  traditions  of  steel- 
making. 

I  do  not  claim  originality  in  advocating  broader-headed  rail-sec- 
tions. The  present  well-known  standard  80-lb.  rail  of  the  New  York 
Central  and  Hudson  River  Railroad,  was  designed  by  our  fellow- 
member,  Mr.  P.  H.  Dudley,  in  April,  1883.  I  filled  an  order  at 
the  Troy  works  in  1884  for  1000  tons  of  this  section.  The  rails 
were  laid  through  the  Fourth  Avenue  tunnel  of  the  Hudson  River 
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road,  extending  to  the  junction  with  the  Harlem  road.  Rails  of 
other  and  lighter  sections  had  given  unsatisfactory  results  in  this 
locality.  After  one  year's  experience,  the  company  above  named 
adopted  the  Dudley  section  as  its  standard  80-lb.  rail,  and  since  then 
has  put  down  several  thousand  tons  each  year.  In  fact,  it  is  relay- 
ing the  whole  Hudson  River  division  with  this  section. 

As  is  well-known,  Mr.  Dudley  was  the  first  to  use  the  dynagraph 
car  in  determining  the  condition  of  road-beds,  and  has  devoted  him- 
self to  that  branch  of  his  profession  for  many  years.  His  paper  on 
"Railway  Resistances,"  read  before  the  Institute  at  Washington,  in 
February,  1876   [Trans.,  iv.,  232),  was  the  product  of  much   ex- 
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perience  already  obtained  in  the  use  of  his  ingenious  invention,  and 
has  been  followed  by  extensive  and  continuous  applications  of  it, 
with  results  of  the  greatest  value  to  our  railroad  engineers.  His 
observations  convinced  him  that,  to  meet  successfully  the  tremen- 
dously increased  wheel-pressure,  rails  must  present  a  broader  head- 
surface.  As  a  result  we  have  his  80-lb.  rail.  As  will  be  seen  upon 
examining  my  80-lb.  section,  I  have  not  adhered  to  the  Dudley  rail, 
but  have  approached  more  closely  to  the  one  adopted  for  the  Michigan 
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Central  Railroad  by  Chief  Engineer  J.  D.  Hawks.  In  designing  all 
my  sections,  I  have  kept  in  view  the  controlling  circumstances  of 
their  manufacture,  adopting  wide  and  comparatively  shallow  heads, 
strong  webs,  and  flanges  with  thick  edges.  I  have  tried  to  distri- 
bute the  metal  so  as  to  avoid  cooling-strains  and  give  rails  which 
will  require  the  minimum  of  cold-straightening. 

As  at  present  conducted  (and  mechanical  talent  has  as  yet  failed 
to  find  a  better  way),  cold-straightening  is  the  enemy  of  a  perfect  rail. 
It  is  generally  accepted  that  the  hardness  of  the  steel  must  be  in- 
creased to  improve  its  wearing  qualities.  But  this  augments  the 
danger  of  the  breaking  of  cold-straightened  rails  at  the  "gag- 
marks."  And  if,  in  seeking  to  avoid  such  a  consequence,  the 
straightening  is  performed  while  the  steel  is  too  hot,  "  lumpy  "  or 
"  wavy"  rails  will  be  the  result. 

Figs.  1  to  8  inclusive  present  my  designs  for  60,  65,  70,  75,  80, 
85,  and  90-lb.  sections.  There  are  two  75-lb.  rails  (Figs.  4  and  5), 
the  first  with  a  4f-in.,  and  the  other  with  a  5-in.  base.  The  latter 
is  intended  to  meet  the  views  of  those  engineers,  who,  because  they 
are  compelled  to  use  soft  wood  ties,  or  for  other  reasons,  require 
that  width  of  base. 

These  sections  are  all  designed  to  be  used  with  fish-plates.  When 
the  time  comes,  as  I  believe  it  ought  to  come,  and  will,  that  joints 
affording  a  base  support  are  used,  we  can  discuss  a  very  different 
rail.  To  meet  the  conditions  which  will  prevail  until  then,  I  respect- 
fully submit  these  suggested  forms. 


NOTE  ON  THE  INFLUENCE  OF  COLUMBITE  UPON  THE  TTN- 
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BY  FRANKLIN   R.  CARPENTER   AND   W.  P.  HEADDEN,  RAPID  CITY, 

DAKOTA. 

(New  York  Meeting,  February,  1889.) 

Discussion. 

Wm.  p.  Blake,  New  Haven,  Conn.  (Communication  to  the 
Secretary,  June,  1889) :  It  is  gratifying  to  find  that  Prof  Carpenter 
in  his  paper  sustains  the  accuracy  of  my  original  determination  of 

*  Note  by  the  Secretary. — Prof.  Blake's  communication  was  received  too 
late  for  insertion  in  its  proper  place.     See  page  633  of  the  present  volume. 
VOL.   XVII. — 50 
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(ho  hhick  tabular  mineral  occiirriiitj:;  at  the  Etta  Tin  mine  as  cohim- 
bito  rather  than  tantalite,  as  determined  by  Prof.  Scliaeffer.  The 
different  conclusions  may  perhaps  be  ex|)lained  when  we  consider 
that  the  P^tta  hill  may  afford  specimens  quite  different  in  their  com- 
]>osition.  My  specimens  were  obtained  from  a  mass  of  albite  and 
quartz  in  one  of  the  tunnels  or  drifts,  and  except  at  that  point  the 
mineral  is  rarely  seen,  and  I  did  not  leave  much  of  it  behind  me.  I 
did,  however,  find  a  few  small  crystals  in  the  greisen  at  other  points, 
but  not  enough  to  cause  any  anxiety  for  the  purity  of  the  cassiterite 
or  the  tin  smelted  from  it,  even  should  the  columbite  prove  to  be  a 
noxious  impurity.  The  discussion  therefore  resolves  itself  into  a 
matter  of  interest  to  science  rather  than  one  of  ])ractical  importance 
to  the  metallurgy  of  tin. 

My  reasoning  that  neither  columbic  or  tantalic  acid  would  be 
reduced  so  as  to  contaniinate  the  tin  in  smelting  was  a  priori  and 
not  based  on  actual  trials.  It  is  therefore  the  more  interesting  and 
satisfactory  that  the  question  is  under  careful  investigation  by  Prof. 
Carpenter  and  INIr.  Headden.  It  is  evident  that  there  must  be  a 
careful  analysis  of  the  mineral  to  determine  the  percentage  of  tin  it 
contains,  and  that  the  buttons  must  be  carefully  analyzed  to  deter- 
mine the  nature  of  the  substance  or  substances  which  cause  the  in- 
crease in  the  weight  of  the  buttons  when  the  columbite  is  added.  It 
will  probably  be  found  that  the  increase  is  due  chiefly  to  the  iron 
and  manganese  reduced  by  the  powerful  cyanide  flux  at  a  high 
temperature — two  conditions  not  found  in  the  commercial  tin  smelt- 
ing. 

Dr.  Carpenter,  while  conceding  the  justness  of  my  statement  that 
the  columbite  can  be  separated  from  the  tin  stone  by  hand,  says  it  is 
usually  present  with  the  stream-tin.  So  far  as  my  observation  has 
extended,  it  does  not  occur  in  the  stream-tin  from  Nigger  Hill, 
which  is  by  far,  up  to  this  time,  the  most  important  source  of  stream- 
tin  in  the  Ilills.  It  is  also  important  to  observe  that  the  block-tin 
smelted  from  this  Nigger  Hill  stream-tin  was  remarkably  pure, 
clean,  and  satisfactory.  In  some  of  the  stream-tin  of  other  localities 
there  is  a  notable  quantity  of  columbite  and  of  other  ferruginous 
minerals,  perhaps  ilmenite,  rutile,  etc.,  and  wolfram  is  not  unknown. 
No  two  valleys  in  the  tin  region  afford  exactly  the  same  product 
in  stream-tin.  The  same  is  true  of  the  different  veins.  The  cassi- 
terite varies  in  color  and  aggregation.  Some  veins  afford  well- 
crystallized  masses,  in  others  the  cassiterite  is  amorphous  and  mas- 
sive.    At  the  Cow  Boy  the  ore  is  reddish  and  is  in  a  gangue  of 
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quartz,  not  of  granite  or  greisen.     Careful  analyses  of  the  tin  stones 
of  the  different  veins  are  desirable  and  no  doubt  will  show  consider- 
able differences  in  nature  of  the  impurities  present.     Berzelius  found 
over  2  per  cent,  of  tantalic  acid  in  a  cassiterite  from  Finbo,  Sweden. 


JiJND-LINfJS  AND  SIDE-LINES  IN  TEE  V.  S.  MINING  LAW. 

BY   R.   W.    RAYMOND,   NEW   YORK   CITY. 

(New  York  Meeting,  Febraary,  1889.) 

There  is  apparently  no  end  to  the  doubts,  inconsistencies  and  ab- 
surdities in  which  the  courts  of  our  mining  States  and  Territories 
are  involved  in  their  attempts  to  apply  to  conditions  of  ever-increas- 
ing complexity  the  provisions  of  our  anomalous  mining  law.  In 
previous  papers,  I  have  called  this  statute  "the  law  of  the  apex," 
because  it  based  upon  that  vague,  novel  and  mysterious  condition 
the  most  important  grant  of  title.  But  the  apex  is  scarcely  a  more 
essential  feature  than  the  end-lines  and  the  side-lines;  for  the  rights 
which  it  may  confer  may  be  limited  in  various  ways  by  these;  so 
that  we  have,  in  many  a  case,  the  most  ridiculous  result  that  the 
United  States,  in  return  for  the  money  of  a  citizen,  conveys  to  hira 
with  much  solemnity,  under  its  broad  seal,  nobody  knows  what, 
bounded  nobody  can  tell  how. 

A  decision  recently  made  at  Butte  by  Judge  De  Wolfe,  of  the 
United  States  District  Court  of  Montana,  in  the  case  of  King  et  al. 
vs.  The  Amy  and  Silversmith  Mining  Company,  furnishes  a  fresh 
illustration  of  this  criticism.  The  diagram  on  the  following  page, 
constructed  without  precise  regard  to  courses  and  distances,  simply 
to  assist  in  the  statement  of  the  essential  features  of  the  case,  will,  I 
hope,  make  clear  the  principles  involved  : 

The  plaintiff  occupies  a  location  (the  Nonconsolidated)  adjoining 
on  the  north  the  defendant's  location,  abed  (the  Amy),  and  the 
disputed  mining-ground  lies,  let  us  say,  in  depth  under  the  point  W, 
that  is,  on  the  dip  of  the  vein,  T"D,  but  not  under  the  surface- 
location,  abed.  The  defendant  has  the  prior  title,  and  claims  this 
ground  under  its  extra-lateral  right.  It  is  admitted  that  the  apex 
does  not  cross  the  end-line,  a  d,  and  does  cross  the  side-line,  a  b. 
Whether  it  crosses,  at  the  other  end  of  the  location,  the  end-line,  6  c 


788       RND-I.INES    AND   SIDE-LINES   IN   THE    U.   S.    MINING    LAW. 

(say  at  F),  or  tl)e  side-lino,  d  c  (say  at  E),  is  disputed,  and  cannot 
be  clearly  ^ll()\\■n  hy  tracing  beyond  the  discovery-shaft,  D.  In  other 
words,  it  is  disj)ntcd  whether  the  course  of  the  apex  across  the  claii# 
is  VDEoT  VDF.  The  Court  declares  this  question  to  be  unimpor- 
tant, but  afterwards  assumes  that  the  apex  has  the  course  V D  E, 
though  the  precise  position  oi  E  is  not  determined. 

The  plaintiff  contends  that  the  defendant's  extra-lateral  right  is 


/ 
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Imaginary  Diagram,  to  illustrate  the  Amy  and  Silversmith  Case. 

limited  by  a  vertical  plane  through  a  b,  which,  being  crossed  by  the 
apex,  becomes  the  end-line  of  the  Amy  lode-location.  The  defend- 
ant contends  that  a  vertical  plane  through  m,  parallel  to  a  d  and  6  c, 
is  one  legal  boundary  of  its  extra-lateral  right,  and  (we  must  sup- 
pose) that  the  other  boundary  is  a  plane,  either  through  6  c  or  par- 
allel to  6  c  through  E,  according  to  the  facts,  when  ascertained. 
The  Court  adopts  neither  view,  but  holds  that  vertical  planes  through 
up  and  0  </,  at  right  angles  to  VDE,i\re  the  proper  boundaries. 
This  view  gives  the  disputed  ground  to  the  defendant,  though  not 
on  the  defendant's  theory.  What  else  it  accomplishes,  we  will  pres- 
ently consider. 

The  following  extract  from  the  decision  covers  the  whole  of  its 
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argument  on  the  subject.     After  quoting  Section  2322  of  the  Revised 
Statutes,  the  Court  says : 

"The  statute,  it  will  be  perceived,  evidently  contemplates  that  locations  upon 
mineral  veins  or  ledges  will  be  made  along  and  in  the  direction  of  the  strike  or 
course  of  the  vein,  and  only  provides  for  following  the  vein  in  its  dip  or  downward 
course  where  it  passes  underneath  the  side-lines  of  the  claim  located.  It  does 
not  mention  veins  or  ledges  which  cross  the  surface-ground  at  right  or  any  lesser 
angle  and  defines  in  express  terms  the  rights  of  the  locator  on  veins  thus  crossing 
the  surface-location  and  in  their  course  or  strike  departing  through  their  side- 
lines; but,  as  seen,  it  does  provide  that  the  locator  shall  have  the  '  exclusive  right 
of  possession  of  all  such  veins  or  lodes  throughout  their  entire  depth,  the  top  or 
apex  of  which  lies  inside  the  surface-lines  of  the  location  extended  downward 
vertically.' 

"j!fow  the  apex  of  the  vein  in  question  does  lie  within  the  surface-lines  of  the 
Amy  claim,  as  located  from  the  point  at  which  it  enters  the  surface-location  184 
feet  east  of  the  west  end-line  of  the  Amy  claim  to  some  point  on  the  south  bound- 
ary-line of  the  same  claim  (said  point,  as  stated,  not  being  clearly  established  by 
the  evidence),  where  it  leaves  the  Amy  location  and  enters  the  Frank  Moulton 
lode.  If  the  vein  is  of  uniform  strike  from  the  Amy  discovery-shaft  to  the  point 
at  which  it  leaves  that  location  and  enters  the  Frank  Moulton  claim  that  it  is 
shown  by  the  evidence  to  be  from  the  discovery-shaft  to  the  point  at  which  it 
crosses  the  north  side-line  of  the  Amy  and  enters  the  Nonconsolidated  claim,  the 
length  of  the  vein  and  of  the  ajtex  in  the  Amy  claim  would,  in  round  numbers,  be 
800  feet. 

"The  vein  by  the  concurrent  testimony  of  all  the  witnesses,  has  a  pitch  to  the 
north  in  its  dip  or  downward  course. 

"What,  then,  is  the  portion  of  this  vein  which  defendants  have  the  right  to 
follow  in  the  dip,  it  being  conceded  in  argument,  and  the  law  itself  being  plain  on 
the  point,  that  the  defendant  has  no  right  to  follow  the  vein  on  its  strike  or  course 
after  it  departs  or  crosses  the  side-ljnes  of  the  location  on  the  surface  ?  As  the  law 
gives  the  locator  the  apex  within  the  surface-location  and  the  right  to  follow  the 
vein  on  its  dip  or  incline  into  the  earth,  is  the  locator  not  entitled  to  the  same 
length  along  the  vein  on  its  dip  that  he  has  to  the  apex  on  the  surface?  And  as  the 
dip  of  a  vein  is  supposed  to  be  at  right-angles  with  its  strike,  lines  drawn  through 
the  vein  at  right-angles  with  its  strike  or  course  where  the  vein  departs  from  the 
surface  side-lines  of  the  claim,  and  these  lines  extended  laterally  in  the  direction 
of  the  dip  or  pitch  of  the  vein  beneath  the  surface,  and  vertical  lines  drawn  down- 
ward through  these  lines  and  intersecting  the  vein  beneath  the  surface,  define,  in 
my  view,  the  dip  of  the  vein,  and  the  portion  thereof  to  which  the  defendant  in  the 
present  case  is  entitled. 

"This  right  to  follow  the  vein  in  its  dip  is  of  course  limited  by  the  provision  of 
the  section  referred  to  as  not  permitting  a  locator  to  pass  beyond  planes  drawn  ver- 
cally  downward  through  the  end-lines  of  the  location  and  thence  extended  laterally 
so  as  to  intersect  the  exterior  parts  of  the  vein  or  lode. 

"  It  is  further  believed  that  neither  of  the  cases  referred  to  by  the  counsel  and 
decided  by  the  Supreme  Court  of  the  United  States,  wherein  it  is  strenuously  urged 
that  a  contrary  doctrine  has  been  held,  asserts  any  principle  or  construction  of  the 
mining  law  contrary  to  that  herein  maintained  ;  but  time  is  not  at  present  granted 
to  examine  or  reconcile,  or  attempt  to  reconcile,  those  decisions  with  the  views  here 
expressed." 
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I  cannot  but  presume  that  the  cases  alluded  to  in  the  last  paragraph 
were  the  i'7ar/.s7a/f' and  Elfj'in  cases,  since  in  these  the  opinions  of  tlie 
Supreme  Court  as  to  end-lines  and  side-lines  have  been  ciiiefly,  if  not 
exclusively,  made  known.  The  Elfjin  decision  (delivered  by  Justice 
Field,  April  26,  1886,  in  The  Iron  Silver  liming  Company  vs.  The 
Elgin  Mining  and  Smelting  Company)  particularly  deserves  to  be  re- 
called in  this  connection  ;  and  I  would  refer  for  its  clear  illustration 
to  the  diagram  of  the  Stone  claim,  in  dispute  in  that  case,  given  in 
my  paper  on  '^  Lode-Locations"  {Tran.s.,  xv.,  292). 

The  Iron  Silver  Mining  Company,  owning  by  prior  title  the  Stone 
claim,  asserted  an  extra-lateral  right  to  the  Gilt-Edge,  on  the  dip  of 
that  lode.  The  other  side  denied  that  any  such  right  could  exist 
under  the  circumstances: 

1.  Because  the  Stone  claim  had  not  two  parallel  end-lines,  as  the 
law  requires. 

2.  Because,  if  its  two  nominal  end-lines  could  be  accepted  as  v^alid 
(i.e.,  if  C-were  assumed  to  be  on  the  so-called  "south  end-line"), 
vertical  planes  drawn  through  them  would  not  include  the  Gilt-Edge 
claim. 

Chief  Justice  Waite  and  Justice  Bradley,  in  a  dissenting  opinion, 
observed  : 

"Tlie  end-lines  of  a  mining  location  are  to  be  projected  parallel  to  each  other 
and  cross-wise  of  tlie  general  conrse  of  the  vein  within  the  surface-limits  of  the 
location  ;  and  whenever  the  top  or  apex  of  the  vein  is  found  within  the  surface-lines 
extended  vertically  downwards,  the  vein  may  be  followed  outside  f)f  the  vertical 
side-lines.  The  end-lines  are  not  necessarily  those  which  are  marked  on  the  map 
as  such,  but  they  may  be  projected  at  the  extreme  points  where  the  apex  leaves  the 
location  as  marked  on  the  surface." 

As  I  remarked  in  the  paper  cited,  this  opinion  apparently  implies 
the  propriety  of  rectifying  all  end-lines.  In  that  re.^pect  the  opinion 
of  Justice  Field,  representing  the  majority  of  the  Court,  as  to  the 
controlling  force  of  end-lines  once  established,  in  accordance  with 
the  statute,  is  to  be  preferred.  The  following  passage  from  that 
opinion  is  admirably  clear  and  forcible: 

"  With  all  the  care  possible,  the  end-lines  marked  on  the  surface  will  often  vary 
greatly  from  a  riglit-angle  to  the  true  course  of  the  vein.  But  whatever  incon- 
venience or  hardship  may  tlius  happen,  it  is  better  that  tlie  boundary-planes  should 
be  definitely  determineil  by  the  lines  of  tlie  surface-location,  than  that  tiiey  should 
be  subject  to  perpetual  readjustment  according  to  subterranean  developments  made 
by  mine  workings." 

On  this  basis,  the  Court  says  it  will  not  permit  the  actual  end-lines 
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(i.e.,  the  two  crossing  the  apex)  to  be  altered  ;  and  because  they  are 
not  parallel,  it  denies  to  the  Stone  claim  all  extra-lateral  rights. 

It  thus  appears  that,  concerning  valid  end-lines  for  lode-claims, 
the  essential  requirements  of  the  statnte,  as  expounded  by  the  Su- 
preme Court,  are  two  :  \.  According  to  the  i^/a^.s^a^ decision,  they 
must  be  "cross-wise  of  the  general  course  of  the  vein  on  the  surface  " 
(not  necessarily  of  its  true  course).  2.  According  to  the  Elgin  de- 
cision, they  must  be  parallel.  Both  these  conditions  are  held  essen- 
tial to  the  acquirement  by  the  locator  of  an  extra-lateral  lode-right, 
between  vertical  planes  drawn  through  his  surveyed  end  lines.  But 
the  eflect  of  the  non-fulfilment  of  the  first  condition  is  curiously 
different,  according  to  the  Elgin  decision,  from  the  effect  of  a  non- 
fulfilment  of  the  second. 

In  the  Flagstaff  case,  the  end-lines  were  parallel,  but  they  were 
not  "cross-wise  of  the  general  course  of  the  vein  on  the  surface;" 
or,  to  use  language  more  generally  applicable,  and  conveying  what 
we  conceive  to  be  the  exact  meaning  of  the  Court  (since  most  veins 
do  not  literally  reach  the  surface,  and  the  apex  is  "  the  edge  nearest 
the  surface"),  the  apex  did  not  p^ss  under  these  end-lines,  but  passed 
under  two  parallel  side-lines  instead.  In  the  Flagstaff  case,  the 
Court  declared  these  side-lines  to  be  the  true  end-lines,  and  gave 
the  locator  the  extra-lateral  right  bounded  by  vertical  planes  drawn 
through  them.  His  error  (if  it  was  an  error;  there  is  some  reason 
in  history  for  suspecting  it  to  have  been  intentional)  was  punished 
by  giving  him  a  lode-claim  as  complete  in  all  respects,  excej)!  that 
of  length,  as  if  the  location  had  been  correctly  made. 

In  the  Elgin  case,  on  the  other  hand,  the  end-lines  (that  is,  the 
located  north  line,  and  the  line,  not  located  as  an  end-line,  at  the 
other  extremity  of  the  clarra,  under  which  the  apex  actually  passed) 
were  not  parallel.  Here  the  far  severer  penalty  of  a  total  loss  of  all 
extra-lateral  lode-rights  was  inflicted.  Yet  the  defect  in  the  location 
had  resulted  from  an  attempt  to  carry  out  the  principles  of  the 
Flagstaff^  decision,  and  make  the  location  follow  the  surface-course 
of  the  vein,  which,  by  the  erosion  of  a  ravine  across  it,  had  been 
made  to  appear  bent  like  a  horse-shoe,  though  the  true  course  was 
quite  uniform.  The  vein  lay  like  a  slice  of  ham  in  an  inclined 
sandwich  of  country-rock  ;  the  ravine  had  bitten  out  a  semi-circle; 
the  Flagstaff  decision  required  the  location  to  follow,  not  the  course 
of  the  original  edge  of  the  ham,  but  the  edge  of  the  ham  as  left  after 
the  bite;  and  having  got,  by  this  circuitous  route,  around  to  the 
other  side  of  the  bite  from  where  he  began,  the  locator  tried  to  meet, 
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as  best  he  could,  the  second  condition,  namely,  that  of  parallelism  in 
the  end-lines.  In  his  attempt  to  do  this,  he  missed,  by  a  few  feet, 
the  first  condition.  The  ai)ex  had  been  supposed  to  cross  the  "south 
end-line,"  but,  in  fact,  passed  out  of  the  claim  at  a  very  near  point  on 
the  next  side  of  the  irregular  jwlygon  of  me  location.  If  it  had 
crossed  the  end-line,  the  location  would  have  been  perfect,  with  two 
parallel  end-lines,  both  "cross-wise"  of  the  apex.  But  these  lines, 
continued  northeast,  would  not  enclose  any  part  of  the  Gilt-Edge 
claim,  which  was  the  ground  in  dispute;  and  hence  the  Court  did 
not  consider  as  seriously  as  it  might  have  done  the  propriety  of  con- 
doning the  small  error  of  the  survey,  and  of  declaring  the  south 
end-line  valid.  This  would  have  been  in  the  spirit  of  a  passage  in 
the  Fkigsfajf  decision  which  speaks  of  "  slight  deviations  of  the  out- 
cropping lode  from  the  location  "  as  "  probably  "  not  affecting  the 
locator's  rights — although  that  passage  does  not  literally  apply  to  this 
case.  But  as  the  Stone  locator  was  bound  to  be  beaten  "  in  either 
view"  of  his  south  end-line,  the  Court  did  not  pause  to  do  more  than 
recoo-nize,  in  passing,  the  possibility  of  the  view  which  would  admit 
the  validity  of  that  line.  The  line  did  not  comply  with  the  law, 
strictly  construed  ;  and  a  liberal  construction  on  that  point  would 
have  done  nobody  any  good.  Yet,  as  I  have  formerly  said,  I  think 
the  Court  might  have  adopted  that  construction  with  propriety.  It 
would  not  have  affected  the  result  to  the  litigants;  but  the  prece- 
dent, being  founded  on  the  extremely  peculiar  circumstances  of  this 
particular  case,  would  not  have  bothered  the  Court  subsequently,  as 
its  actual  decision  is  likely  to  do. 

All  the  judges  agreeing  that  the  south  end-line  was  not  valid,  the 
minority  said  that  both  end-lines  ought  to  be  rectified  by  substi- 
tutino-  lines  drawn  "cross-wise  of  the  efeneral  course  of  the  vein 
within  the  surface-limits  of  the  location."  If  this  curious  phrase 
means  at  right-angles  loith  the  true  course  of  the  vein,  the  rectified  end- 
lines  would  be  drawn  parallel  to  the  dip.  But  "cross-wise"  does 
not  necessarily  mean  at  right-angles.  The  majority  decision  ex- 
plicitly so  declares;  and  the  adoption  in  the  dissenting  opinion,  im- 
mediately thereafter,  of  the  ambiguous  term  cross-wise,  instead  of 
the  precise  terra  at  right-angles,  seems  to  be  significant.  Hence,  the 
north  end-line  is  already  "cross-wise"  of  the  apex  and  of  the  vein, 
on  any  hypothesis  as  to  the  course  of  either,  and,  under  the  language 
of  the  dissenting  opinion,  it  would  not  be  really  necessary  to  rectify 
that  line  at  all,  but  only  to  draw  a  new  south  end-line  parallel  to  it 
at  C.    This  is  what  I  suggested  ("  Lode-Locations,"  Trans.,  xv.,  303), 
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as  a  fair  application  of  the  statute  to  such   eases,  in  the  following 
words : 

"  When  one  end-line  crosses  the  apex  of  the  located  lode,  and  the  other  does  not, 
but  the  apex  departs  from  tiie  claim  across  a  side-line,  not  parallel  with  the  valid 
end-line,  and  the  deviation  is  too  great  to  be  overlooked  as  unimportant,  then  the 
boundaries  of  the  extra-lateral  right  shall  be  a  vertical  plane  drawn  through  the 
valid  end-line,  and  a  vertical  plane,  parallel  thereto,  drawn  through  the  point 
where  the  apex  of  tlie  lode  passes  under  and  across  the  side-line  of  the  claim." 

But  the  majority  decision,  starting  from  the  invalidity  of  the 
south  end-line,  and  considering  the  line  crossed  by  the  apex  to  be 
the  real  end-line  of  the  location,  says  the  two  end-lines  "are  not 
and  cannot  be  made  parallel,"  and  on  this  remarkable  statement 
bases  its  startling  conclusion  that  the  location  and  patent  carry  no 
rights  whatever,  either  to  the  mining  ground  in  dispute  or  to  any 
other  ground  oatside  of  the  surface-location.  -  I  have  formerly 
pointed  out  the  unfortunate  effects  of  this  decision,  if  it  should  be 
followed  as  a  general  precedent.  I  wish  now  to  call  attention  to  the 
peculiar  statement  which  constitutes  its  foundation.  That  the  two 
lines  to  which  it  refers  are  not  parallel,  is  clear  enough,  even  to  a 
layman ;  but  what  does  the  Court  mean  by  saying  they  "  cannot  be 
made  so?"  Does  it  mean  that,  to  a  location  of  this  shape,  following 
the  apex  around  a  curve  of  some  ]35  degrees,  it  is  impossible  to 
draw  two  parallel  end-lines,  cross-wise  of  the  course  of  the  apex? 
That  is  true  only  if  the  lines  must  cross  the  apex  at  the  same  angle. 
Otherwise,  it  is  not  true  at  all.  The  Court  has  declared  that  "cross- 
wise" does  not  necessarily  mean  at  right-angles.  Why  should  it 
then  mean  any  particular  angle  for  both  lines,  or  for  either?  Or, 
does  the  Court  say  that  these  lines  cannot  be  made  parallel,  because 
the  law  will  not  permit  any  change  to  be  made  in  their  direction, 
after  they  have  once  been  established?  That  would  be  more  com- 
prehensible ;  but  it  is  not  indicated  by  the  context.  The  declaration 
has  the  air  of  the  statement  of  a  physical  fact,  rather  than  a  legal 
principle.  It  occurs  in  the  presentation  of  the  facts  of  the  particular 
case,  after  an  exhaustive  discussion  of  the  principles  upon  which 
they  are  to  be  adjudicated. 

On  the  whole,  we  seem  to  be  driven  to  the  hypothesis  that  the 
declaration  that  these  lines  not  only  "are  not,"  but  "cannot  be  made, 
parallel,"  has  only  a  rhetorical  significance.  It  is  merely  an  em- 
phatic expletive,  as  who  should  say,  "Them  lines  ain't  parallel,  and 
you  can't  make  nothin'  else  out  of  it !  "  or  "  There  ain't  no  end  at 
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all,  and  there's  an  end  on't !  "  Such  asseverations  consort  better,  it 
is  true,  with  the  vigor  of  the  street  than  with  the  dignity  of  the 
bench.  And  perhaps  there  is  a  quiet  implied  rebuke  in  the  dissent- 
iiiij  opinion,  which  s^ays  in  substance,  "  They  are  not  i)nrallel,  but 
they  can  be,  and  ought  to  l)e  made  so." 

Judge  De  Wolfe's  decision  appears  to  apply  the  principle  of  the 
dissenting  opinion  in  the  El(/in  case.  That  the  majority  opinion  in 
that  i^eculiar  case  may  be  much  modified  by  the  Supreme  Court 
itself  in  ai)plication  to  other  conditions,  is  certainly  not  impossible, 
perha})S  not  unlikely  ;  but  that  such  modifications  will  ever  go  so 
far  as  to  permit  the  "  projection  "  of  new  boundary-planes,  instead  of 
planes  through  such  surveyed  location-lines  as  actually  cross  the 
apex,  seems  to  us  improbable  in  a  high  degree.  Still  more  im- 
probable would  be  the  alteration  of  a  boundary  once  fixed  by  an 
original,  valid  end-line.  In  other  words,  if,  of  a  rectangular  claim, 
one  surveyed  end-line  duly  crosses  the  apex,  and  the  other  does  not, 
but  a  side-line  does,  the  Supreme  Court  may  hold,  as  it  has  held  in 
the  E/gin  case,  that  there  is  no  extra-lateral  right ;  or  it  may  consent 
to  a  boundary-plane  through  the  intersection  of  the  apex  and  the 
side-line,  drawn  parallel  to  the  valid  end-line;  but  we  do  not  think 
it  will  consent  in  such  a  case  to  two  new  boundary-planes. 

Was  the  case  decided  by  Judge  De  Wolfe  such  a  case?  As  I 
have  observed,  the  Court  did  not  know,  l)ut  said  that  that  made  no 
difference  ;  that  whether  the  lode  crossed  two  side-lines,  or  one  side- 
line and  one  end-line,  there  must  be  two  new  boundary-planes, 
placed  at  right-angles  across  the  apex. 

But  it  may  make  a  great  difference  which  of  these  two  statements 
represents  the  facts,  although,  on  either  hypothesis,  the  Supreme 
Court  may  easily  find  reason  to  reverse  the  Montana  ruling.  For  if 
the  apex  crosses  two  parallel  side-lines,  then  these  are  (by  the  Flag- 
staff decWxon)  true  end-lines,  and  the  boundary-planes  must  be  drawn 
through  them.  On  that  hypothesis.  Judge  De  Wolfe  would  have 
had  before  him,  apparently,  the  precise  F/agstaff  case,  and  decided  it 
on  a  principle  opposed  to  the  Flagstaff  decision.  On  the  other 
liypothchis — of  an  apex  crossing  a  side-line  and  an  end-line,  not 
parallel, — his  decision  runs  against  the  Elgin  majority  opinion,  the 
prinfii)les  of  which  will  not  be  easily  so  far  modified  as  to  include 
this  variation. 

Apart  from  the  question  of  precedents,  some  further  remarks  are 
suggested  l)y  this  Sihersmith  case. 

1.  The  court  is  here  undertaking  to  determine  the  proper  vertical 
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boundary-plane  at  one  end  of  tlie  claim,  when  the  strike  and  dip  of 
the  lode  at  the  other  end  are  not  known.  The  location  of  E  on  the 
line  d  c  being  undetermined,  the  general  course  of  the  apex  across 
the  claim  is  not  determined.  Consequently,  the  Court  must  mean 
(as  its  words  do  indeed  literally  assert)  that  the  boundary-plane 
through  m  should  be  at  right-angles  with  the  strike  as  shown  at  that 
point.  But  this  plane  is  of  course  to  be  a  permanent  boundary  ; 
and  since,  as  the  Court  explicitly  declares,  the  locator  should  have  the 
same  length  along  the  lode  in  depth  as  along  the  apex,  it  follows  that 
the  other  boundary-plane,  hereafter  to  be  determined  (say  at  E)^  must 
be  made  parallel  to  the  one  now  determined  through  m. 

2.  But  suppose  that  the  apex  should  cross  at  F,  on  h  c,  not  on  d  e. 
In  that  case,  this  decision  would  either  abolish  a  perfectly  valid, 
surveyed  end-line,  established  by  the  patent,  or  give  two  boundary- 
planes  not  parallel. 

3.  Either  the  plaintiff's  contention,  denying  all  extra-lateral  rights 
north  of  a  b,  or  the  defendant's  contention,  that  the  boundary  through 
m  should  be  parallel  with  the  surveyed  end-lines,  6  c  and  a  d,  would 
avoid  the  diiSculty  above  suggested  ;  for  in  either  case,  the  decision 
would  be  inde])endent  of  any  determination  of  the  local  or  the 
general  course  of  the  apex,  beyond  the  one  fact  that  at  a  known 
point  VI  it  crosses  a  side-line.  That  being  admitted,  the  surveyed 
side-lines  or  the  surveyed  end-lines  would  determine,  on  the  respec- 
tive theories,  the  rights  of  the  parties. 

4.  The  last  paragraph  but  one  in  this  decision,  if  I  understand 
its  meaning,  declares  that  while  the  surveyed  end-lines  cannot  serve 
to  fix,  for  a  lode-claim  in  which  they  are  not  crossed  by  the  apex,  the 
boundaries  of  the  extra-lateral  right,  they  do,  even  in  such  a  case, 
fix  the  boundaries  beyond  which  that  extra-lateral  right,  however 
determined,  can  never  go.  In  other  words,  as  I  understand  it,  the 
Court  gives  to  the  defendant  the  boundary-plane  n  p  through  m,  but 
adds,  that  the  defendant's  right  to  follow  the  lode  in  depth  is  stopped 
absolutely  by  the  plane  through  b  c.  This  gives  the  defendant, 
outside  of  its  surface-location,  only  the  ground  under  the  triangle 
b  m  p — a  curious  result  of  the  professed  atteuipt  to  secure  to  him  the 
same  length  of  lode  at  each  level  in  depth  as  along  the  apex. 

It  is  not  always  either  fair  or  useful  to  blames  judges  for  such 
results.  The  statute  itself  is  the  source  of  hopeless  confusion  ;  and 
the  most  ingenious  attempts  to  construe  it  in  accordance  with  the 
equities  of  particular  cases  only  aggravate  the  difficulty,  by  furnishing 
precedents  which,  in  other  cases,  become  absurd.     I  may  appro- 
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priately  repeat,  at  this  point,  the  words  in  which  I  described,  more 
than  two  years  ago  ("  Lode-TiOcations,"  Trans.,  xv.,  304),  the  situa- 
tion, since  that  time  grown  rather  worse  than  better: 

"The  law  of  the  apex  and  its  extra-hiteral  right  are  prolific  of  difficulties,  doubts, 
contradictions  and  absurdities.  Every  judge  that  administers  it  utters  a  fervent 
hope  for  it.s  amendment.  But  tlie  only  effective  amendment  would  be  the  introduc- 
tion of  that  system  under  which  the  mine-owners  of  the  east  and  the  placer-owners 
of  the  west  get  along  in  complete  security  and  peace  Let  the  government  cease  to 
grant  a  thing  which  it  cannot  define.  Let  the  citizen  know,  without  the  aid  of 
geologists,  lawyers,  juries  and  courts,  what  he  has  got  when  he  has  located  and  pur- 
chased a  claim.  Make  the  lode  laws  resemble  the  placer  laws,  and  the  coal-land 
laws  and  the  homestead  and  pre-emption  and  other  agricultural  land  laws,  and  the 
mining  land  laws  of  all  other  civilized  countries.  Banish  that  illusive  thing,  the 
apex,  to  the  limbo  of  vanity,  where  it  belongs.  Put  an  end  to  the  supernatural 
extra-lateral  properties  of  end-lines,  and  their  infinite  projection  into  space.  Let 
side-lines  remain  in  that  situation  to  which  Providence  and  the  surveyor  have  called 
them,  without  danger  of  being  suddenly  exalted  into  end-lines,  possessed  of  trans- 
cendental potencies.  In  short,  let  us  have  a  mining  law,  and  not  a  chaos  of  con- 
fusion, ameliorated  at  long  intervals  by  the  well-meaning  interference  of  the 
Supreme  Court,  which  sets  to  rights  a  little  corner  of  the  hubbub,  and  necessarily 
raises  as  much  dust  as  it  lays.  We  are  slowly  getting  authoritative  decisions  of  one 
point  after  another;  but  the  best  thing  about  them  is,  that  they  show  us  with  in- 
creasing clearness  how  bad  the  law  is." 

Or,  more  briefly,  the  "  .square  location  "  is  the  "  square  thing!  " 
But  the  direction  of  the  lines  of  a  location,  as  shown  by  the  sur- 
face-survey, in  their  relation  to  the  course  of  an  apex,  is  not  the  only 
element  of  doubt  concerning  their  effect.  Having  busied  my.self  for 
many  years  in  trying  to  foresee  the  possible  complications  under  this 
law,  I  must  confess  myself  to  have  been  taken  by  surprise  after  all, 
by  a  novel  and  interesting  decision,  given  orally  by  Judge  Hallett, 
November  30, 1888,  in  the  United  States  Circuit  Court  of  Colorado, 
in  the  case  of  Nolan  et  al.  vs.  The  Colorado  Central  3Iinin(j  Company. 
I  have  only  a  newspaper  report,  which  appears,  however,  to  have  been 
stenographically  made,  and  perhap.s,  also,  revised  by  the  judge.  At 
all  events,  whether  it  be  perfectly  accurate  or  not  as  to  names  and 
figures,  its  statement  of  the  legal  points  considered  is  entirely  clear 
and  self-consistent.  It  seems  to  have  been  the  fortune  of  the  Dis- 
trict Court  of  Colorado  to  encounter  a  larger  number  of  the  subtle 
and  difficult  questions  involved  in  our  mining  law,  and  to  offer  more 
ingenious  solutions  of  them,  than  any  other  single  tribunal.  This 
is  no  doubt  largely  due  to  the  peculiar  conditions  obtaining  in  that 
State,  which  presents  locations  of  all  sizes,  shaj)es  and  ages;  local 
mining  customs  antedating  all  the  statutes  ;  territorial  laws  supple- 
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menting  the  Federal  law  ;  ore-deposits  combining  great  irregularity 
with  great  value;  numerous  costly,  important  and  desperately  con- 
tested litigations  over  mining  titles  and  boundaries;  a  State  law 
giving  the  defeated  party  in  a  suit  involving  the  title  to  real  estate 
the  right  to  demand  a  second  trial ;  and  litigants,  lawyers  and  juries 
who  are  skilled  in  the  business  and  fond  of  it. 

On  the  other  hand,  I  am  inclined  to  believe  that  Judge  Hallett 
himself  has  peculiarities  which  correspond  with  these  peculiar  con- 
ditions, and  which  have  contributed  to  the  abundance  of  fine  dis- 
tinctions and  curious  definitions  propounded  in  this  Court.  In  the 
case  just  mentioned,  he  discovered  a  principle  which  had  not  occurred 
to  the  counsel  on  either  side,  and,  for  lack  of  evidence  on  the  point 
raised  by  the  Court,  dismissed  the  application  of  the  plaintiffs  (appar- 
ently for  an  injunction)  "  with  leave  to  renew."  This  illustrates 
both  the  exceptional  acuteness  of  the  Court,  and  the  inexhaustible 
resources  of  the  law. 

The  case  having  thuS  been  decided  on  a  single  point  (and  that 
point  not  known  to  be  in  it),  it  can  be  easily  stripped  of  all  collateral 
questions,  and  stated,  as  to  its  controlling  issue,  thus: 

X,  the  raining  ground  in  dispute,  is  affected  by  the  following 
proceedings : 

a.  A  located,  prior  to  1879,  a  claim  including  X. 

6.  B  made  in  1879  another  location,  the  lines  of  which  include  X. 

c.  B  applied  for  a  patent  in  1882,  explicitly  excepting  X  from 
his  application,  because  it  was  covered  by  an  earlier  location. 

d.  Subsequently  to  B's  application,  A's  location  was  changed  so 
that  A's  claim  to  X  was  formally  abandoned. 

e.  Apparently  B  did  not  know  this;  or,  perhaps,  he  knew  it,  but 
did  not  care  to  delay  proceedings  by  modifying  his  application.  At 
all  events,  the  patent  was  issued  to  B,  according  to  his  first  request,, 
for  a  certain  tract  (presumably  a  parallelogram)  excepting  and  re- 
serving X,  which  was  described  as  belonging  to  the  earlier  locator 
(though  he  had  already  abandoned  it)  and  was  neither  asked  for  by 
B,  nor  granted  to  him.  The  case  is  evidently  stronger  than  if  X 
were  any  other  piece  of  ground,  concerning  which  B  had  had  ao 
communication  with  the  government;  for  the  record  exhibits,  first, 
the  solemn  declaration  of  B  to  the  government :  "  Don't  misunder- 
stand me,  I  do  not  want  X,"  and  the  government's  solemn  reply,  to 
prevent  all  misunderstanding:  "We  hereby  declare  that  we  do  not 
give  you  X." 

/.  B  accepts  his  patent,  and  pays,  at  so  much  per  acre,  for  all  the 
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land  within  its  survey,  excepting  X.  (This  practice  of  issuing  such 
ri(licnh)us  grants,  which  first  describe  more  hmd  tlian  is  conveyed, 
and  tlien  subtract  what  is  not  conveyed,  is  one  of  the  beautiful  re- 
sults of  the  original  features  of  the  law,  combined  with  the  still  more 
original  constructions  and  regulations  of  the  General  Land  Office.) 

g.  C,  D  and  E  subsequently  locate  parts  or  the  whole  of  X,  at 
diflPerent  times,  C  coming  first. 

h.  The  later  locations  play  no  part  in  the  decision  of  the  principal 
issue.  If  C's  location  be  regular  and  valid,  they  can  scarcely  have 
any  force  against  it.  At  all  events,  the  Court  brushed  them  aside 
for  the  time  being,  as  not  needing  consideration,  in  view  of  the  rela- 
tive .s/a^».s' of  the  two  parties,  as  will  appear  below. 

I.  B  (that  is,  the  Colorado  Central  Consolidated  Mining  Com- 
pany, Avhieh  was  either  the  original  B,  or  entitled,  as  his  grantee,  to 
all  his  rights),  in  working  upon  the  patented  claim  (described  in  para- 
graph /above),  followed  the  lode  upon  its  course  into  the  ground 
covered  by  C's  location  ;  and  C  began  an  a<!tion  in  equity,  and  asked 
for  an  injunction  restricting  B  from  working  in  that  ground. 

All  cases  of  this  kind  being  in  the  nature  of  actions  of  "  trespass  " 
or  "  ejectment,"  the  plaintiff  must  recover  on  the  strength  of  his  own 
title,  not  the  weakness  of  his  adversary's.  This  rule  is  so  obviously 
just  that  one  would  scarcely  expect  it  to  be  overlooked  in  mining 
litigation.  "  The  defendant  is  on  wy  property  ;  make  him  get  off!  " 
is  the  essence  of  the  complaint;  and  the  first  question  of  Justice 
must  be,  "Is  it  your  property?"  To  prove  the  defendant  a  thief, 
a  tramp,  a  trespasser  on  somebody  else,  is  not  in  the  remotest  degree 
pertinent.  Yet  one  or  two  important  cases  have  got  as  far  as  the 
United  States  Supreme  Court,  to  be  knocked  on  the  head  by  this 
simple  pro})osition  ;  and  the  notion  of  many  mining  managers,  and  of 
their  lawyers,  too,  seems  to  be  that  opponents  cannot  become  danger- 
ous if  they  have  bad  titles.  That  depends.  They  can  be  much 
more  dangerous  in  mining  cases  than  in  any  others,  for  the  reason 
that  if  the  title  of  the  party  they  trespass  upon  be  not  perfect,  and 
the  real  ownership  of  the  ground  be  still  in  the  United  States,  no 
one  having  as  yet  a  valid  title  to  it,  they  are  then,  under  the  statute, 
not  trespassers  at  all,  but  licensed  explorers. 

In  the  present  case,  therefore,  C  had  to  prove  title,  and  presented, 
for  this  purpose,  proof  of  his  location.  It  may  be  inferred  that  B, 
in  attacking  this  title,  pleaded  his  own  patent  for  what  it  might  be 
worth,  and  brought  forward  also  D  and  E,  involving,  no  doubt,  a 
multitude  of  small  points,  both  of  statutory  and  of  *'  Department" 
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la'»Y.  Of  course,  since  any  doubt  as  to  C's  title  would  defeat  his 
motion,  one  such  doubt  was  as  good  as  many;  and  the  Court  sug- 
gested one,  which  thus  took  the  place  of  all  the  rest. 

I  quote  the  report  of  Judge  Hallett's  words  on  this  point : 

''Tlie  first  question  presented,  therefore,  is  wliether  defendant  as  the  ownei-  of  the 
Colorado  Central  Extension  lode  can  have  any  interest  whatever  in  this  territory. 
That  is  a  very  peculiar  question,  because  the  exact  circumstances  which  exist  in 
this  case  do  not  often  arise.  Usually,  when  territory  is  excluded  from  one  loca- 
tion, because  it  is  included  within  another  and  prior  location,  a  patent  has  been 
issued  for  the  other  and  prior  location,  thus  granting  the  territory  absolutely  to  the 
earlier  location,  and  that,  under  the  statute,  covering  not  only  the  principal  vein  in 
the  earlier  and  prior  location,  but  all  others  having  their  outcrop  within  the  terri- 
tory of  that  location,  takes  everything  within  the  territory. 

"  It  seems,  however,  that  the  withdrawal  of  the  Nolan-Gilmer  location  from  the 
territory  which,  at  the  time  of  the  application  for  patent  for  the  Colorado  Exten- 
sion lode,  was  supposed  to  be  within  that  location,  may  leave  the  complainants  some 
right  therein  which  otherwise  they  would  not  have  had  against  the  Nolan  and 
Gilmer  claim.  For  the  grant  in  this  patent  for  the  Colorado  Extension  lode,  while 
it  excludes  from  its  terms  the  territory  covered  by  the  several  locations  in  conflict 
with  this  one  and  the  Nolan-Gilmer  location,  conveys  in  express  terms  1000  linear 
feet  of  the  Colorado  Central  Extension  lode.  That  was  the  length  of  the  claim, 
1000  feet.  And  the  exclusion  of  the  territory  of  other  locations,  that  is,  the  surface- 
ground  of  other  locations,  from  the  surface-ground  of  this  one,  may  not  affect  the 
grant  of  the  lode  for  the  length  defined,  if  it  had  not  been  previously  granted  to 
other  claimants  of  the  conflicting  territory.  It  is  not  true  that  the  surface-ground 
granted  by  a  patent  is  always  coincident  or  coextensive  with  the  vein  which  is  con- 
veyed by  the  patent.  As  illustrating  that,  reference  may  be  made  to  Section  14  of 
the  Act  of  1872  concerning  mining  lands,  the  familiar  provision  that, 

"  '  Where  two  or  three  veins  intersect  or  cross  each  other,  priority  of  title  shall 
govern,  and  such  prior  location  shall  be  entitled  to  all  ore  or  mineral  contained 
within  the  space  of  intersection,  but  the  subsequent  location  shall  have  the  right  of 
way  through  the  space  of  intersection  for  the  purpose  of  the  convenient  working  of 
the  mine.' 

"This  has  been  held  to  mean  that,  in  such  case,  thejunior  location  may  have  the 
vein  within  the  territory  of  the  senior  location  up  to  the  very  point  of  intersection 
between  the  veins.  In  other  words,  it  is  not  the  space  of  intersection  of  the  location, 
but  the  space  of  intersection  of  the  veins,  to  which  the  statute  refers ;  and  very 
clearly,  under  that  section,  where  tliere  are  cross-veins,  the  junior  patent  conveys 
the  vein  within  the  territory  of  the  senior  patent,  except  at  the  very  space  of  inter- 
section of  the  veins.  That  is  a  case  in  which  the  patent  conveys  the  vein  to  a  greater 
extent  than  it  conveys  surface-ground,  and  I  apprehend  that  it  may  be  practicable, 
under  the  law,  and  by  patents  which  are  issued  pursuantto  the  law,  to  convey  a  lode 
of  the  length  of  1500  feet  with  only  surface-ground  at  the  very  point  of  discovery, 
if  any  one  should  choose  to  make  a  location  of  that  character;  and  to  convey  it  in  a 
way  that  other  and  subsequent  locators  upon  the  territory  in  which  the  vein  outcrops 
might  not  get  any  interest  in  it. 

"  Upon  the  question  that  arises  in  this  case,  it  seems  to  me  that,  under  this  patent, 
if  the  vein  of  the  Colorado  Extension  lode  on  its  strike  extends  into  and  through 
the  territory  in  dispute,  within  the  lines  of  that  location,  and  which  was  within  the 
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Nolan-Gilmer  location,  at  tlie  time  the  patent  was  apiilied  for,  and  at  tlie  time  it 
was  issued,  the  defendant  now  owninj,'  that  title  may  hold  it,  and  that  it  woidd  not 
be  subject  to  relocation  by  any  one  coming  subsequently  to  the  entry  or  the  issuance 
of  the  patent. 

"  This,  I  presume,  cannot  be  true  as  to  the  other  lodes,  if  any,  existing  within  the 
same  territory,  because  the  grants  of  those  lodes  attending  upon  the  grant  of  the 
principal  lode,  as  I  understand  the  statute,  pass  only  with  the  surface-ground  ;  there- 
fore, the  patent  is  not  the  same  as  if  it  conveyed  that  territory,  because  the  patentees 
do  not  gain  tiie  other  lodes  in  that  territory,  that  is,  those  other  than  the  Colorado 
Extension  lode  upon  which  the  location  was  made. 

"  The  materiality  of  this  question  arises  upon  the  point  whether  the  place  in  which 
defendants  are  now  working,  and  from  wiiich  the  bill  seeks  to  enjoin  them,  is  upon 
the  Colorado  Extension  lode  or  not;  and  upon  that  question  the  bill  and  all  the 
papers  in  the  case  are  absolutely  silent.  It  was  not  supposed  by  counsel  presenting 
the  case,  I  presume,  that  any  such  question  could  arise  in  this  controversy.  In 
making  the  locations,  and  in  the  bill  upon  which  complainants  rely,  it  is  a.ssumed 
that  the  locators  get  whatever  there  may  be  within  this  territory,  and  upon  proof 
that  the  ore  body  on  which  the  defendant  is  working  outcrops  within  the  space  of 
intersection,  between  the  Nolan-Gilmer  and  the  Colorado  Extension  lode,  that  the 
owners  of  the  new  locations  would  be  entitled  to  take  it. 

"  As  I  think  the  fact  is  otherwise,  and  that  if  the  ore-body  is  upon  the  Colorado 
Extension  vein,  that  is  to  say,  that  vein  upon  which  the  location  was  made,  the 
defendant  holding  title  under  this  patent  may  claim  it,  I  must  deny  the  ai)plica- 
tion  for  an  injunction." 

Upon  this  flecision  I  offer  the  following  reniark.s  (assuming  the 
word  "complainants,"  in  the  first  sentence  of  the  second  paragraph, 
to  be,  as  the  context  seems  to  prove  beyond  doubt,  a  reporter's  error 
for  "  defendants  ") : 

1.  The  judge  pronounces  this  case  peculiar,  because  the  original 
location  of  A  was  never  patented.  A  patent,  he  says,  would  have 
granted  to  A  "everything  within  the  territory."  The  justice  of  this 
distinction  is  not  apparent.  Every  right  granted  by  a  patent  is  ex- 
plicitly given  by  Section  2322  of  the  Revised  Statutes  to  the /ocaiiow. 
The  words  are:  "The  locators  of  all  mining  locations  ....  shall 
have  the  exclusive  right  ....  of  all  veins^  lodes,  and  ledges,"  etc. 
And,  strangely  enough,  the  statute  says  nothing  at  all  about  any 
such  right  as  given  by  the  patent.  It  is  absolutely  certain  that  if 
the  location  does  not  possess  it,  the  patent  cannot  give  it.  I  am  not 
aware  of  any  difference  produced  by  a  patent,  except  that  it  relieves 
the  owner  from  complying  with  certain  conditions  otherwise  necessary 
for  the  maintenance  of  these  rights.  If  A  had  had  a  patent,  and 
had  afterwards  surrendered  it  to  the  government,  he  would  have  pos- 
sessed before  the  surrender, and  the  government  would  have  recovered 
by  the  surrender,  no  more  and  no  less  than  was  involved  in  his  crea- 
tion and  abandonment  of  a  location. 
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2.  The  proposition  that  the  provision  of  the  statute  concerning 
"the  space  of  intersection "  common  to  two  veins,  means  that  a 
junior  location  "  may  have  the  vein  within  the  territory  of  the  senior 
location  up  to  the  very  point  of  intersection  between  the  veins,"  is 
true  or  untrue,  according  to  circumstances.  To  this  case  it  presents 
no  parallel,  and  we  are  forced  to  conclude  that  the  Court  has  totally 
misunderstood  its  meaning  as  necessarily  fixed  by  the  Act  of  1872, 
A  plain  statement  will  show  the  grounds  of  this  conclusion. 

Under  the  Act  of  1866,  the  surface-location  being  merely  an  ease- 
ment for  the  working  of  the  lode  claimed,  locations  might  be,  and 
were,  laid  one  upon  another  to  any  extent.  I  will  not  pause  to 
discuss  the  question  whether  this  was  really  proper,  even  under  that 
Act.  It  was  certainly  done  on  the  theory  that  the  lode  claimed  under 
each  location  was  in  fact  a  separate  parallel  or  cross-lode.  More- 
over, on  tiie  plea  that  "the  lode  was  the  main  thing,"  it  was  argued 
that  a  locator  might  follow  and  take  the  number  of  feet  on  its  course 
which  he  had  claimed,  whether  the  lines  of  his  location  covered  so 
much  or  not.  But  this  notion  was  summarily  squelched,  in  the 
Flagstaff  case,  by  the  United  States  Supreme  Court,  which  declared 
that  neither  the  Act  of  1860,  nor  that  of  1872,  would  permit  a 
locator  to  claim  his  vein  on  its  strike  beyond  the  vertical  boundary- 
planes  fixed  by  his  survey  or  (as  we  may  perhaps  infer)  properly 
deducible  therefrom. 

So  long  as  the  surface-surveys  of  two  lodes  might  cover  certain 
ground  in  common,  the  rights  of  the  parties  under  the  Act  of  1866 
were  tiieoretically  plain.  On  the  surface,  the  elder  locator  had  the 
prior  claim  to  such  of  the  common  area  as  he  needed  for  buildings,, 
machinery,  dumps,  etc.  Underground,  each  locator  was  entitled  to 
his  own  vein.  The  only  difficulty  arose  when,  by  the  intersection  or 
union  of  two  veins;  the  identification  of  each  became  difficult.  I 
can  recall  two  cases  of  this  kind,  even  prior  to  1866  and  under  the 
old  miners'  customs.  Experts  just  reveled  in  them.  In  one  instance,- 
both  sides  claimed  a  vein  produced  by  the  union  of  two  ;  and  the 
learned  mineralogical  grounds  on  which  each  party  recognized  its 
own  vein  in  the  product,  and  proved  the  other  to  be  "  only  a  spur,"' 
were  bewildering  enough.  In  another  case,  two  veins  crossed  nearly 
at  right-angles,  and  a  valuable  bonanza,  which  characterized  the 
crossing,  was  claimed  by  both  locators,  each  insisting  that  his  vein 
went  through  the  other.  Geology,  not  priority  of  title,  was  the  test 
applied. 

To  do  away  with  this  nonsense,  tiie  provision  was  made  that,  in  alt 
VOL.  XVI  r. — 51 
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such  cases,  tlie  prior  locator  should  be  entitled  to  what  would  other- 
wise be  fl aimed  for  both. 

Now  til  is  provision  has,  under  the  Act  of  1872,  no  meaning  at  all 
m  cases  where  one  lode  joins  or  intersects  another  on  the  strike.  From 
the  moment  of  location,  a  locator  is  entitled  to  everything  under  his 
surface-ground,  except  lodes  which  enter  that  space  on  the  dip  (in 
their  "  course  downward  "),  and  have  their  apexes  outside.  The  case 
cited  as  an  illgstration  by  Judge  Hallett  cannot  occur. 

The  source  of  his  error  seems  to  be  that  he  finds  this  provision  in 
the  law,  thinks  it  means  something,  doesn't  perceive  what  else  it  can 
mean,  and  therefore  puts  this  signification  ujwn  it.  But  it  does  mean 
something  else,  as  clearly  as  it  cannot  mean  what  he  imagines.  It  is 
intended  to  cover,  and  does  cover,  the  union  or  intersection  of  veins 
on  the  dip.  To  take  a  simple  instance,  suppose  two  lodes  with 
parallel  outcrops,  but  differing  degrees  of  dip;  No.  2,  the  later  lo- 
cation, being  in  the  footwall  of  No.  1,  and  having  the  smaller  {i.e.,  the 
flatter)  dip.  Suppose,  further,  the  two  locations  to  be  so  laid  that  each 
contains  from  end  to  end  the  apex  of  its  own  lode,  and  no  part  of  the 
apex  of  the  other.  It  follows,  the  dips  being  maintained  without 
change,  that  at  some  depth,  No.  1,  the  steeper  lode,  will  be  crossed 
or  joined  by  No.  2.  Obviously,  this  cannot  occur  under  the  surface- 
location  of  No.  2,  it  may  occur  under  location  No.  1,  or  under  some 
ground,  claimed  or  unclaimed,  beyond.  No  matter  where  the 
junction  takes  place,  the  locations  of  No.  1  and  No.  2  are  within 
the  extra-lateral  rights  appurtenant  to  their  apexes,  and  are  thus 
protected,  as  to  the  ownership  of  the  lodes,  against  all  the  world 
— but  not  against  each  other.  To  define  the  relation  between  No. 
1  and  No.  2,  the  law  provides  that,  as  to  the  ore  common  to  both 
— that  is,  ore  which  can  be  traced  to  either  apex — No.  1  shall  own 
it,  and  No.  2  shall  have  the  right  of  way  through  it. 

Judge  Hallett's  ])rofound  declaration  that  "  it  is  not  the  space  of 
intersection  of  the  locations,  but  the  space  of  intersection  of  the 
veins,  to  which  the  statute  refers,"  is  thus  seen  to  be  so  true  as  to  be 
entirely  inapplicable  to  his  argument.  For  there  is  no  such  thing 
contemplated  or  possible  under  the  law  of  1872  (and  1889)  as  a  space 
of  intersection  between  two  locations,  and  there  is  no  right  of  way 
conferred  upon  a  junior  locator  by  which,  under  any  conceivable 
circumstances,  he  can  follow  a  vein  oniOi  strike  beyond  the  boundary- 
planes  of  his  own  location. 

To  ])ut  this  beyond  doubt,  we  take  a  more  complicated  case.  Let 
lodes  No.  1  and  No.  2  cross  one  another  on  the  strike  as  well  as  the 


EXD-LINES    AND   SIDE-LINES    IX   THE    U.    S.    MIXING    LAW.        803 

dip;  Xo.  2  location  lying  across  the  north  end  of  No.  l,like  the  top 
of  a  T,  and  No.  2  dipping  south  under  the  location  of  Xo,  1.  In 
this  case,  No.  2  has  an  extra-lateral  right  under  No.  1 ;  but  No.  1 
has  no  right  at  all  under  No.  2.  The  "  space  of  intersection  "  under 
location  No.  1  belongs  to  No.  1,  and  the  right  of  way  to  No.  2  ;  but 
under  No.  2  the  provision  has  no  application  at  all,  every  possible 
right  of  location  No.  1  being  cut  off  by  the  boundary-plane  drawn 
through  the  side-line  common  to  both  locations. 

The  Act  of  1872,  it  must  be  remembered,  was  framed  to  meet 
certain  difficulties  encountered  in  the  administration  of  the  Act  of 
1866.  One  of  these  was  the  unintended  injury  done  to  the  rights  of 
a  prior  locator,  by  putting  them  at  the  mercy  of  fine  geological  dis- 
tinctions, quite  unknown  at  the  time  of  original  location.  The  fun- 
damental requisite  of  all  titles  is  certainty  and  definiteness.  The 
United  States,  as  the  owner  of  the  public  domain,  was  not  originally 
bound  to  give  it  away  or  sell  it  to  any  one.  But  having  adopted  a 
liberal  policy,  under  which  it  offers  lands  under  certain  conditions 
free  to  actual  settlers  or  soldiers,  and  under  certain  other  conditions 
at  very  low  rates  to  purchasers,  it  is  both  justified  in  insisting  that 
these  conditions  shall  be  fulfilled,  and  bound,  on  the  other  hand,  to 
give  a  perfect  and  definite  title  to  its  grantees.  No  amount  of 
generosity  can  relieve  it  from  the  obligations  of  justice.  A  purchaser 
of  the  United  States  title  to  a  mining  location,  having  traced  the 
course  of  an  apex  within  it,  cannot  possibly  know  in  advance  whether 
this  apex  belongs,  geologically  speaking,  to  a  main  lode  or  to  a  spur. 
Some  other  lode,  subsequently  discovered,  and  having  an  apex  in 
some  other  location,  may  be,  or  may  be  declared  by  experts  to  be, 
the  main  lode.  It  is  not  only  a  hardship  but  also  a  wrong,  that  the 
prior  title  should  be  made  to  depend  upon  the  later  development. 
To  prevent  this  wrong,  the  Act  of  1872  (incorporated,  as  to  this  pro- 
vision, in  the  Revised  Statutes)  applied  two  means  :  First,  as  to  in- 
tersecting apexes  (that  is,  as  to  all  lodes  intersecting  on  the  strike),  it 
laid  down  the  principle  of  controlling  end-lines;  secondly,  as  to 
lodes  intersecting  on  the  dip,  from  apexes  in  different  locations,  it 
declared  that  prior  title,  not  expert  opinions,  should  govern  the 
ownership  of  the  space  of  intersection.  That  intersections  on  the 
dip  are  meant  by  Section  2336  of  the  Revised  Statutes  (identical  with 
Section  14  of  the  Act  of  1872),  is  clearly  proved  by  its  language  con- 
cerning the  union  of  veins.  Two  or  more  veins  unite,  forming  one 
vein.  If  this  union  is  on  the  strike,  does  the  law  give  to  the  prior 
locator  the  lode  beyond?     Not  at  all ;  the  end-line  provision  settles 
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that  case  completely.  Whether  one  vein  or  many,  uniting  or  cross- 
ing, all  lodes  having  their  apexes  betwee^i  the  end-lines  of  a  location 
belong  to  that  locator  between  the  end-planes.  Hence  the  statute 
very  properly  says  that  when  two  or  more  veins  unite,  the  prior 
location  shall  take  the  vein  "helow^'  the  point  of  union.  That  provision 
is  necessary,  because  two  lodes,  more  or  less  parallel,  having  their 
apexes  in  different  claims,  may  unite  in  dejith,  and  thus  require  a 
decision,  on  some  principle  or  other,  as  to  the  relation  of  the  extra- 
lateral  rights  from  the  two  apexes.  A'eins  uniting  present  the  same 
two  classes  as  veins  intersecting.  The  first  class  is  covered  by  the 
eud-lines;^  the  second,  by  priority  of  title.  Judge  Hallett  has  made 
the  mistake  of  su imposing  that  the  first  class  of  cases,  for  which  the 
law  of  1872  provided  an  entirely  different  remedy,  is  the  class  con- 
templated by  the  passage  he  quotes. 

3.  How  much  weight  this  mistake  may  have  had  in  determining 
the  decision,  I  cannot  undertake  to  say.  That  it  is  a  mistake,  does 
not  necessarily  prove  that  the  main  proposition  which  it  illustrates 
is  incorrect.  I^et  us  therefore  examine  that  proposition  more  closely. 
It  is,  that  the  withdrawal  of  A's  location  from  the  territory  X,  in- 
cluded within  the  survey,  but  excluded  by  the  terms,  of  B's  applica- 
tion and  patent,  leaves  B  some  right  therein,  which  he  would  not 
have  had  against  A's  claim,  because  B's  patent  expressly  conveys  to 
him  1000  linear  feet  of  a  certain  lode,  and  hence,  if  this  1000  feet  of 
the  lode,  followed  on  its  strike,  wouM  carry  him  into  the  ground  X, 
but  for  the  claim  of  A,  he  may  follow  his  lode  into  that  ground,  and 
hold  it  against  later  claimants,  to  the  extent  of  that  1000  feet.  But 
this,  the  court  presumes,  "  cannot  be  true  as  to  the  other  lodes,  if 
any,  existing  within  the  same  territory,  because  the  grants  of  those 
lodes  attending  upon  the  grant  of  the  principal  lode,  .  .  .  pass  only 
with  the  surface-ground;  therefore  the  patent  is  not  the  same  as  if 
it  conveyed  that  territory,  because  the  patentees  do  not  gain  the 
other  lodes  in  that  territory,  that  is,  those  other  than  the  Colorado 
Extension  lode,  upon  which  the  location  [B's]  was  made." 

We  encounter  here  a  misconception  which  has  muddled  many  a 
local  judge — the  notion,  namely,  that  a  patent  grants  a  principal 
lode,  with  an  attendant  grant  of  other  lodes;  and  that  on  the  prin- 
cipal lode,  it  grants  a  certain  number  of  feet.  There  seems  to  be  a 
vague  impression  that  the  Act  of  18GG  has  somehow  infected  the 
Act  of  1872,  and  that  the  solemn  absurdity  of  the  form  of  patent  in 
which  the  Land  Office  still  persists,  has  some  sort  of  legal  force  ;  that 
when  it  fixes  the  length  of  a  location  by  words  and  diagrams,  accord- 
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ing  to  an  official  survey,  and  also  names  as  granted  a  certain  number 
of  linear  feet  of  a  lode  in  that  location,  the  latter  figure  has  a  mys- 
terious effect  upon  the  former.  I  shall  endeavor  to  show  in  the 
present  paper  that  this  notion  is  without  foundation  ;  and  I  hope  in 
a  future  paper  to  analyze  its  origin,  and  the  nature  of  the  support 
which  it  has  received  through  the  vagaries  of  the  General  Land  Office. 

4.  The  Revised  Statutes  do  not  authorize  the  distinction  here  made 
between  one  lode  within  a  claim,  and  all  the  rest.  The  language  of 
Section  2322  is  clear.  A  locator  must  have  one  lode  as  the  basis  of 
his  location  ;  but  having  made  the  location,  he  has  certain  rights  as 
to  all  lodes  (not  all  other  lodes,  as  Judge  Hallett  seems  to  think,  and 
as  the  form  of  patent  issued  by  the  General  Land  Office  implies),  in- 
cluding the  one  discovered  and  named.  And  all  these  rights  are 
absolutely  cut  otf  by  his  end-lines. 

Moreover,  the  law  does  not  authorize  the  possession  by  a  locator, 
or  the  grant  to  a  patentee,  of  any  number  of  linear  feet  of  a  lode.  It 
says,  a  mining-claim  located  (that  is,  a  location)  may  equal,  but  shall 
not  exceed,  1500  feet  in  length,  along  the  lode.  In  other  words,  it 
limits  the  location,  which  is  a  measured  tract  of  land.  If  a  loca- 
tion claiming  1500  feet  along  a  certain  vein  be  so  laid  that  it  con- 
tains less  than  that  length  of  the  lode,  the  locator  must  submit  to 
the  loss.  The  Flagstaff  decision  settled  that  point  forever.  And 
in  a  United  States  patent,  the  words  are  (I  quote  from  a  patent 
issued  in  1884;  see  my  paper  on  "  The  Law  of  the  Apex,"  Trans., 
xii.,  423) : 

"The  United  Stages  .  .  .  do  give  and  grant  .  .  .  the  said  mining 

premises  hereinbefore  described  as  Lot  No. ,  ....  with  the 

exclusive  right  of  possession  and  enjoyment  of  all  the  land  included 
within  the  exterior  lines  of  said  survey  not  herein  expressly  excepted 

from  these  presents,  and  of  1500  linear  feet  of  the  said  vein, 

lode,  ledge  or  deposit,  for  the  length  hereinbefore  described,  through- 
out its  entire  depth,  although  it  may  enter  the  land  adjoining,  and, 
also,  of  all  other  veins,  lodes,  ledges  or  deposits  throughout  their 
entire  depth,  the  tops  or  apexes  of  which  lie  inside  ..." 

The  clause  I  have  italicized  is  without  any  meaning  or  force,  for 
it  proposes  to  give  a  certain  number  of  feet  of  the  lode  "for  the 
length  hereinbefore  described,"  i.e.,  the  length  of  the  location.  The 
location  is  the  conclusive  limit  of  the  grant,  and  the  rights  of  the 
locator  under  it  are  exactly  the  same  on  all  lodes  having  apexes 
within  it. 

5,  But  this  decision  presents  still  another  proposition;  namely, 
that  the  withdrawal  of  an  earlier  location  may  leave  to  an  adjoining 
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later  locator  some  right  therein  wliich  otherwise  he  would  not  have 
had  as  against  the  location  so  withdrawn.  That  is  to  say,  while  A's 
location  was  in  force  upon  the  territory  X,  certain  rights  of  B  ex- 
isted dormant  therein,  and  came  to  life  when  the  rights  of  A  ceafied. 
But,  while  these  rights  of  A  existed,  they  were  "exclusive."  A 
having  received  them  from  the  United  States,  they  revert  to  the 
United  States  if  A  surrenders  or  forfeits  them.  Let  us  suppose  that 
A,  instead  of  formally  withdrawing  his  claim,  had  failed  to  do  the 
annual  assessment  work,  and  thus  forfeited  it.  Could  B  then  assert 
any  previously  dormant  right?  By  no  means.  Section  2324  dis- 
tinctly says:  "The  claim  or  mine  upon  which  such  failure  occurred 
shall  be  open  to  re-location  in  the  same  manner  as  if  no  location  of 
the  same  had  ever  been  made  " — by  A  or  B  or  anybody  else  ;  in 
other  words,  the  ownership  reverts,  absolutely,  to  the  United  States. 
Now,  what  claim  has  B  against  the  United  States  ?  Suppose  that 
before  A's  surrender,  and  while  A's  location  was  in  full  force,  B  had 
filed  a  document,  saying  in  effect:  "I  claim  this  ground  in  case  A 
should  ever  abandon  it !  "  Even  Judge  Hallett  would  laugh  out  of 
court  such  a  foundation  of  title.  But  he  gravely  attributes  impor- 
tance to  a  much  weaker  foundation,  namely,  B's  statement  under 
oath  to  the  government — the  only  mention  of  the  territory  X  ever 
made  by  B  in  the  proceedings  reviewed — "  I  do  not  claim  this 
ground."  Can  a  man's  disclaimer  give  him  something  which  he 
could  not  get  by  an  outright  claim? 

6.  The  question  here  arises:  What  are  the  lines  of  B's  location  ? 
It  seems  to  have  been  composed  of  two  parts,  X,  the  ground  he  dis- 
claimed, and  Y,  the  remainder.  Is  there  any  difference  in  effect 
between  the  grant  to  him  of  Y  simply  and  the  grant  of  X  +  Y, 
"  excepting  and  excluding  X?"  Why  should  any  mining  locator 
stake  out  his  boundaries  upon  another  location,  and  thus  appear  to 
assert  a  claim  which  he  immediately  withdraws?  What  is  the  legal 
force  of  such  boundaries  established  upon  the  land  of  another? 
The  entrance  upon  that  land  for  that  purpose  is  a  trespass.  Can  a 
trespasser  create  by  his  trespass  a  right,  or  the  beginning  of  a  right, 
which  he  would  not  have  without  it?  In  Murphy  vs.  Cobb  (4  Col., 
Supj).  72),  the  Court  held  that  no  mining  right  could  be  acquired  by 
^?urveys  or  locations  made  by  mere  trespassers. 

To  answer  the  foregoing  questions  we  must  understand  how  this 
absurd  practice  grew  up.  A  review  of  its  history  may  lead  us  to 
recognize  the  sole  remaining  excuse  for  its  existence. 

V>\\i  this  inquiry  must  be  reserved  for  another  occasion.  Its  pur- 
suit would  transcend  the  limits  of  this  paper. 
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NOTE    ON    THE    USE  OF   CEUDE   PETROLEUM  AS    FUEL 
FOB  RAISING  STEAM  AT  THE  SOUTH  CHICAGO  WORKS. 

BY  E.    C.   POTTER,   CHICAGO,   ILL. 

(New  York  Meeting,  Febraary,  1889.) 

Fuel-oil  was  first  substituted  for  coal  at  these  works  in  Septem- 
ber, 1888.  It  was  first  applied  in  the  converting-department  to  the 
battery  of  boilers,  consisting  of  14  tubular  boilers,  16  feet  in  length 
by  5  feet  in  diameter.  To  operate  these  boilers  with  coal  for  24 
hours  required  14  stokers,  3  ash-wheelers,  6  men  unloading  coal, 
and  2  water-tenders,  making  a  total  of  25  men.  With  fuel-oil  the 
same  boilers  require  for  the  same  period  2  water-tenders  and  4  men 
to  attend  to  the  burners,  making  a  total  of  6  men.  This  gives  a 
saving  of  19  men,  which,  at  an  average  of  $2  per  day  each, 
amounts  to  $38  per  day.  Comparing  the  consumption  of  oil  with 
that  of  coal,  we  find  that  for  the  week  ending  January  5,  1889, 
with  an  ingot  output  of  6403  tons,  2731  barrels  of  fuel-oil  were 
used  as  against  a  necessary  consumption  of  coal  for  the  same  work 
of  848  tons,  showing  3.22  barrels  of  fuel-oil  to  be  equivalent  to  one 
ton  of  Indiana  block-coal.  Figuring  oil  at  60  cents  per  barrel,  and 
coal  at  ^2.15  per  ton,  we  have  as  the  cost  of  oil  $1.93,  as  against 
$2.15  for  its  equivalent  in  coal. 

In  December,  1888,  the  rail-mill  battery  of  26  boilers,  of  the 
same  dimensions  as  those  in  the  converting-department,  was  equipped 
for  fuel-oil.  For  the  week  ending  January  5,  1889,  with  a  rail 
out-put  of  5208  tons,  5987  barrels  of  oil  were  consumed,  as  against 
a  necessary  consumption  of  coal,  to  do  the  same  work,  of  1805  tons, 
showing  3.31  barrels  of  fuel-oil  to  be  equivalent  to  one  ton  of 
Indiana  block-coal,  which  at  the  costs  named  above  would  show 
$1.98  worth  of  fuel-oil  to  be  equal  to  $2.15  worth  of  coal.  The 
labor  required  to  operate  the  rail-mill  boilers  for  24  hours,  with  coal 
as  fuel,  is:  26  stokers,  4  water-tenders,  6  ash-wheelers,  12  men  un- 
loading coal ;  total,  48  men.  With  oil  as  fuel,  the  same  work  re- 
quires 4  water-tenders  and  6  men  to  attend  to  the  burners;  total,  10 
men  ;  a  saving  over  coal  of  38  men  in  24  hours,  which,  at  an  average 
price  of  $2  per  day,  would  be  $76  per  day. 

In  the  brief  experience  we  have  had  with  oil  as  fuel,  we  find  that 
the  efficiency  of  the  boilers  is  somewhat  increased  and  the  repairs  are 
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materially  lessened.  The  perfect  cleanliness  of  the  fuel  and  the  ease 
and  simplicity  of  supply  and  regulation,  together  with  the  steadiness 
and  unitbrmity  of  stoam-supply,  make  it,  for  our  business  at  least,  a 
most  desirable  substitute  for  coal.  We  have  made  no  evaporation 
tests  of  any  kind  ;  the  only  test  of  its  efficiency  being  the  fact  of  its 
keeping  our  works  rumiing  to  their  fullest  capacity.  This  we  find 
it  will  do;  and  this  cannot  be  said  to  be  true  of  coal,  with  our 
present  boiler-capacity. 


€OAL  VEBSUS  OIL  IN  THE PUDDLING-FUBNAGE  AND 
IN  RAISING  STEAM. 

BY  G.    H.    BILLINGS,    BOSTON,    MASS. 
(New  York  Meeting,  February,  1889.) 

The  following  data  were  collected  some  years  since  in  the  course 
of  a  series  of  experiments  with  oil  as  a  substitute  for  coal  in  pud- 
dling, the  earlier  form  of  the  Archer  apparatus  being  employed. 

While  I  am  not  at  liberty  to  give  the  name  of  the  works  at  which 
the  tests  were  made,  I  can  personally  warrant  the  accuracy  of  the 
record,  and  feel  justified,  therefore,  in  making  this  contribution  to 
a  discussion  in  which  all  trustworthy  figures  are  likely  to  be  helpful. 

Oil  in  Puddling. 

Starting  with  everything  cold,  we  used  3518  pounds  of  oil  to  get 
the  furnace  in  condition  to  charge  a  heat.  After  charging,  we  ran 
until  we  took  out  13,340  pounds  of  puddled-blooms,  using  8437 
pound.s,  or  1333  gallons  of  oil.  At  4f  cents  per  gallon,  the  cost 
for  oil  per  gro.ss  ton  of  blooms  was  $10.91  ;  with  coal  at  $4.87|,  and 
a  consumption  of  1.5  tons  per  ton  of  blooms  (the  usual  quantity  is 
ton  for  ton),  the  cost  for  coal  is  $7.31. 

The  qnantity  of  oil  consumed  in  heating  the  furnace  to  the  proper 
temperature  and  to  make  the  bottom,  is  not  included  in  the  oil  con- 
sumption stated.  The  quantity  used  was  3518  pounds  of  oil. 
Usually,  the  furnace  need  only  be  lighted,  but  in  this  case  it  had 
been  repaired,  and  it  was  necessary  to  make  a  new  bottom.  This 
required  the  quantity  of  oil  neces.sary  to  make  three  heats  of  blooms, 
or  2109  pounds.  Deducting  this  from  the  8518  pounds  leaves  1409 
pounds  of  oil  as  the  quantity  consumed  every  week  in  lighting  up. 
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In  this  manner,  31  cents  per  ton  is  added   to  the  cost  of  puddling 
with  oil,  making  the  total  S11.22. 

Runninc;  for  one  week  of  six  days,  starting  with  everything  cold, 
6602  gallons  of  oil  were  used  for  the  production  of  65,595  pounds 
of  blooms.  The  cost  of  extra  labor  during  the  week  was  S24,  so 
that,  at  4|  cents  per  gallon  of  oil,  the  fuel  cost  was  $11.81  per  gross 
ton.  Coal  at  S4.87|,  assuming  a  consumption  of  1.5  tons  per  ton 
of  blooms  would  cost  $7.31,  so  that  it  was  cheaper  by  S4.50  per 
ton  of  blooms.  Besides,  the  waste  heat  of  a  puddling  furnace  using 
coal  as  fuel  is  utilized  partially  to  generate  steam.  It  may  be  esti- 
mated as  equal  in  value  to  one-half  the  quantity  generated  by  direct 
firing,  or  4200  pounds  of  coal  per  turn. 

Oil  for  Generating  Steam. 

On  the  first  day,  starting  with  everything  cold,  2910  pounds  of 
oil  was  used  to  evaporate  15,600  pounds  of  water,  so  that  the  cost 
of  oil-firing  was  $52.81  per  twenty-four  hours,  running  night  and 
day. 

On  the  second  day,  the  oil  consumption,  the  furnace  being  hot, 
was  4156  pounds  to  evaporate  27,600  pounds  of  water.  At  4| 
cents  per  gallon,  the  oil-consumption  being  656.76  gallons,  the  fuel 
cost  per  day  of  twenty-four  hours  was  $76.82.  Assuming  that 
under  the  same  conditions  1  pound  of  coal  evaporated  9  pounds  of 
water,  the  cost  per  day  of  twenty-four  'hours  to  evaporate  27,600 
pounds  of  water,  coal  costing  $4.87 J  per  gross  ton,  would  be  $15.96. 
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BY   E.  C.  FELTON,  STEELTOX,  PA. 
(New  York  Meeting,  February,  ISSy.) 

At  the  Pennsylvania  Steel  Works,  Steelton,  Pa.,  a  series  of  trials 
has  been  made  with  oil  as  fuel  in  steel-heating  and  open-hearth 
steel-furnaces  with  the  following  results  : 

Fir.Ht  Trial. — Hot  14-inch  ingots,  six  to  a  charge,  were  heated  in 
two  Siemens'  heating  furnaces  in  the  blooming  mill,  the  oil  being 
put  in  first  in  March,  1888.  The  oil  used  had  been  partly  refined, 
so  that  the  paraffine  and  some  of  the  naphtha  were  removed.  During 
a  run  of  six  weeks  the  consumption  of  oil  was  about  6J  gallons  per 
ton  of  blooms,  including  the  oil  required  to  keep  the  furnace  hot 
over  Sundav. 
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Second  Trial. — The  same  partly  refined  oil  was  employed  for 
melting  in  a  30-tou  open-hearth  furnaee,  the  charge  being  cold 
scrap  and  ])ig,  with  ore.  A  Ithough  the  gas  was  carried  from  the 
producer  to  the  furnace,  a  distance  of  about  300  feet,  the  oil-con- 
sumption, as  the  average  of  a  month's  run,  was  48  gallons  per  ton 
of  ingots,  including  the  oil  required  to  keep  the  furnace  hot  over 
Sunday. 

Third  Trial. — Oil  was  introduced  on  June  11th,  1888,  to  heat  six 
Siemens'  heating- furnaces  in  the  blooming  mill,  and  has  since  then 
been  constantly  used.  For  a  period  of  six  months,  including  the 
fuel-consumption  on  Sundays,  and  including  the  heating  of  some 
cold  ingots,  the  consumption  of  Lima  oil  was  6  gallons  per  ton  of 
blooms.  The  quantity  of  oil  required  naturally  varies  with  the 
product  of  the  mill.  Under  the  most  favorable  circumstances — 
charging  hot  ingots  and  with  all  the  stock  supplied  which  the  fur- 
naces can  handle — 4|  to  5  gallons  of  oil  are  required  per  ton  of 
blooms.  Cold  ingots  must  remain  in  the  furnace  for  about  three 
hours. 

Fourth  Trial. — Lima  oil  was  used  for  heating  a  30-ton  open- 
hearth  furnace,  the  producer  being  located  near  it.  As  the  average 
of  a  six  weeks'  run,  54  gallons  of  oil  were  required  per  ton  of  ingots, 
including  the  fuel-consumption  over  Sundays  and  for  starting  the 
furnace.  The  record  of  the  first  week  was  46.7  gallons  of  Lima 
oil  per  ton  of  ingots.  It  was  found  that  the  loss  is  somewhat  greater 
than  with  coal-gas,  and  that  some  trouble  was  experienced  from  the 
fact  that  fine  particles  of  oxidized  iron  clogged  the  checkers. 

Fifth  Trial. — Work  in  a  5-ton  o{)en-hearth  furnace,  in  use  since 
December,  developed  a  fuel  consumption  ranging  between  50  and 
55  gallons  of  oil  per  ton  of  ingots. 

Sixth  Trial. — Oil  was  applied  to  the  raising  of  steam  under  two  100 
horse-power  return-flue  tubular  boilers,  the  temperature  of  the  feed- 
water  being  about  160°  Fahrenheit.  The  results  showed  an  aver- 
age evajwration  of  about  12  pounds  of  water  per  pound  of  oil,  the 
best  twelve  hours'  work  being  16  pounds  of  water  evaporated  per 
pound  of  oil.  At  the  relative  prices  of  oil  and  pea-coal,  the  former 
is  not  as  economical  under  boilers  as  the  latter. 

In  all  of  the  trials  the  oil  was  vaporized  in  the  Archer  producer, 
an  apparatus  for  mixing  oil  and  superheated  steam,  and  heating  the 
mixture  to  a  high  temperature.  From  0.5  to  0.75  pound  of  pea- 
coal  is  u.sed,  per  gallon  of  oil,  in  the  producer  itself. 
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Aaron,  C.  H. :  On  loss  of  gold  in  roasting  with  salt,  9, 10,  14,  44  ;  On  loss  of  gold  by 

volatilization,  36,  37,  44. 
Abandoned  mines,  cultivation  of  mushrooms  in,  248. 
Actinolite  in  Ontario,  Canada  [294]. 
Adirondack  (Lake  Champlain)  iron-region,  N.  Y.  [745],  746;  Iron-ores  of,  721, 

722,  725,  727. 
Agriculture  benefited  by  use  of  phosphate-slag,  and  by  use  of  Spanish  pyrites  for 

making  sulphuric  acid  [84]. 
Aiken,  Arthur:    Method  of  assaying  and  purifying  gold,  7,  8  [31];   Process  for 

refining  alloys  of  gold,  30,  31. 
Air- film  attached  to  moving  bodies  [653]. 
Alabama  coal-fields,  206  ;    Area,  207  ;    Available  tonnage,  208  ;   Product  in  1887, 

206,  207,  209,  210. 
Alabama  coal-mine,  Warrior,  Jefferson  County,  Ala.  [214]. 
Alabama  coke,  136, 142,  151;  Sustaining  power  of,  147. 
Alabama  coke  (Pratt)  compared  with  Connellsville,  142. 
Alabama-Connellsville  Coal  and  Coke  Company  [223  et  seq.'\. 
Alabama  iron-ore  product  in  1888,  723,  725. 
Alabama  iron-ores,  use  of  large  furnaces  with,  135. 

Alabama,  manufacture  and  consumption  of  phosphoric  acid  fertilizer  in  [85]. 
Alabama  red  fossil-ores  [150]  ;  Easily  reduced  [149]. 
Alabama  tar-springs  [358]. 

Albite,  the  dominant  feldspar  in  the  Black  Hills,  Dakota  [591,  595]. 
Aldrich,  Shelby  County,  Ala.,  coal-mines  at  [210],  221. 
Aldrich,  T.  H.,  remarks  in  discussion  of  Mr.  Gordon's  paper  on  Large  Furnaces  on 

Alabama  Material,  145. 
Alice  blast-furnace,  Birmingham,  Alabama  [152]. 

Alkaline  carbonates:  Reaction  with  metallic  iron,  545  ;  With  silicon,  542  et  se-q. 
Alleghany  Mountain  in  Greenbrier  County,  West  Virginia,  118. 
Allen,  J.  A.,  analysis  of  Muirkirk  iron,  469,  470. 
Aluminum  in  iron,  method  of  determining,  474. 
Aluminum,  influence  on  cast-iron  [473]. 
Aluminum-bronze  stamp-mill  screens,  521. 

Amalgamation  :  Affected  by  the  presence  of  manganese  oxides,  776  ;  Aided  by  the 
presence  of  iron,  777  ;  In  the  Black  Hills,  501  et  seq. 


812  INDEX. 

Amaliininution-works    (see  Clilorination-works,   Concentration-works,    CTold-mills, 

Lixiviation-works,  Kediictioii-works,  Smelling-works  and  Stanip-niills). 
AnieM<linents  to  the  Riilos:    Proposed,  xxvii ;   Adopted,  xl  ;   xli. 
American  Institute  of  Mininj^  Engineers  and  its  mission,  485. 
Ammonia  in  sewage,  344,  34o. 

Ampliibolesehist  in  Black  Hills,  Dakota  [498,  574]. 

Anaconda  copper-mine,  Butte,  Montana  [528]  ;  Consumption  ot' timber  in,  268. 
Analyses  (see  also  Assays). 
Analyses  of:  Asphalt:   Trinvlad:  Crude,  303 ;  Refined,  3(54. 

Blast-fnrnace  waste  gases,  58,  59,  60,  78. 

Blooms:  Pennsijlvania:  Alleglieny  County ;  Pittsburgli,  Carlson  Iron  Companv, 
679. 

Boiler-scale,  352. 

Buffalo  cement,  251. 

Cassiterite  (see  Analysis  of  Tin-ores). 

Cast-iron  (see  Analysis  of  Pig-iron). 

Cement,  251. 

Cinder  (see  Analysis  of  Slag). 

Coal  (anthracite):  Pennsylvania:  Sullivan  County;  Bernice,  610,  615. 

Coal  (bituminousl:  Alabama:  Cahaba  coalfield,  63;  Bibb  County;  Blocton,  217; 
Jefferson  County;  Coalburg,  21 1  ;  Warrior,  213,  214;  Woodward,  213;  Wal- 
ker County;  Corona,  218,  219;  Patton  Junction,  220;   Tennessee:  47. 

Coal  (graphitic);    West  Virginia:  Greenbrier Coimty,  121. 

Coke:  Alabama:  Birmingham  district;  Bessemer,  224;  Blue  Creek,  154;  Ca- 
haba, 154;  Coalburg,  154;  Newcastle,  154 ;  Parksville,  225 ;  Pratt,  138,  154; 
Warrior,  Watts  Coal  and  Iron  Company,  154,  213. 

Coke-ash:  Alabama:  Birmingham  district;  Pratt,  138. 

Columbite:  Dakota:  Black  Hills,  593,  634. 

Dolomite :  Alabama  :  63. 

Ferro-silicon  :  American,  Pencost,  255;  Foreign,  Govan,  255. 

Flue-dust:    Virginia:  Low  Moor,  130. 

Gas:  Waste  gas  from  blast-furnace,  58,  59,  60,  78;  Water-gas,  300,  301. 

Geyser-waters;  Wyoming:  Yellowstone  Park;  Lower  Geyser  Basin,  Fountain 
Geyser,  554 ;  Norris  Geyser  Basin,  Fearless  Geyser,  554 ;  Upper  Geyser  Basin, 
Bee- hive  Geyser,  554. 

Gilsonite:    Utah:  Uintah  County,  114. 

Gold-ore:  Mexico:  Vera  Cruz,  Las  Minas,  10. 

Hot  waters  (see  Analysis  of  Geyser-waters). 

Iron  (see  Analysis  of  Blooms,  Muck-bar,  and  Pig  iron). 

Iron-ores:  Alabama:  Birmingliam  district  (hanl  ore),  153;  (soft  ore),  153;  Lake- 
view-Avondale  (red  ore),  153;  Eastern  Alabama  (red  hematite),  153 _:  Fort 
Payne  (Iiard  red  ore),  63;  Red  Mountain  (hard  ore  and  soft  ore),  137;  Mary- 
land: "Baltimore  ores"  (carbonates),  464,  465,  471;  Beltsville,  Geo.  Yokel 
(carbonates  and  hematites),  465;  Branchvillc,  Burgess,  466;  G.  L.  Skagga 
(carbonates,  hematites,  and  limonites*,  4ti5 ;  D.  Collins's  bank,  466;  J.  Col- 
lins's  bank,  466;  (^ontee's,  J.  ()'Brien  (carbonates  and  hematite),  465;  Diven, 
466;  Jefferson,  Tyson,  466;  Milibrook  (white  ore  and  brown  ore),  466;  Mon- 
tieth,  406;  Walker's  bank  (brown  ore),  466;  New  Jersey:  Piatt  mine,  740; 
Morris  County;  Beach  Glen  (magnetic),  739;  Mt.  Hope,  740;  New  York: 
Hudson  River  carbonates:  Raw,  281  ;  Roasted,  276, 472;  Clinton  County ;  Platts- 
burg,  739;  Ivssex  County;  Port  Henry,  New  Bed   (magnetic),  721,739,  740, 
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743  ;  Old  Bed  (magnetic),  739,  740,  744 ;  Putnam  County ;    Croton  Magnetic, 
737,738;   Pennsylvania:    Lehigh  Mountain,  740;- Berks  County  ;  Jones,  744; 
West  Virginia:  Greenbrier  County ;  Glenmore  (red  oxide),  120. 
Limestone:  Alabama:  Jefferson  County,  153  ;  Gate  City,  137;  Arizona:  Cochise 

County,  Tombstone,  774. 
Manganese-ore  (argentiferous) :  Arizona:  Cochise  County,  Tombstone,  769. 
Muck-bar:  Pennsylvania:  Allegheny  County  ;  Pittsburgii,  Carbon  Iron  Company, 

679. 
Nickel-ore:  Kansas:  Logan  County;  Russell  Springs,  637. 
Oyster-shells,  467,  471. 
Phosphate-slag,  86  et  seq. 

Pig-iron:  Alabama:  North  Birmingham  (mottled  and  white),  64;  Manjland : 
Baltimore,  Stickney,  472;  Prince  George's  County  ;  Muirkirk,  469,  470;  New 
York:  Dutchess  County;  Amenia,  Wassaic.  473;  Ohio:  Globe  brand,  255, 
Wellston  brand,  255;  Pennsylvania:  Montgomery  Comity;  Pottstown,  War- 
wick, 127  ;  Locality  not  give.n,  700. 
Portland  cement,  251. 
Rails  (see  Analysis  of  Steel  Rails). 

Salt:  Rock  Salt:  United  States;  Louisiana:  Iberia  Parish;  Petite  Anse 
Island,  Avery,  110.  Other  Countries:  Algeria:  Jeb  el-Melah,  110;  Ouled 
Kebbah,  110;  Austria:  Hall,  110;  Hallstadt,  110;  Wieliczka,110;  Bavaria: 
Berchtesgaden,  110;  German  Lorraine:  Vic,  110;  Leland :  Carrick-fergiis,  110; 
Prussia :  Stassfurt,  110 ;  Santo  Domingo :  110.  From  Wells  and  Lakes  :  United 
States;  Michigan:  Saginaw,  110;  New  York:  Onondaga,  110;  Ohio:  Hock- 
ing Valley,  Pomeroy,  110;  Pennsylvania:  Pittsburgh,  110;  West  Virginia: 
Kanawha,  110.  Other  Countries:  Canada:  Ontario,  Goderich,  110;  Eng- 
land: Cheshire,  Droitwich,  110;  German  Lorraine :  Dieuze,  110. 
Silver-ore:  Arizona:  Cochise  County,  Tombstone,  769. 
Slag  (see  also  Analysis  of  Phosphate-slag) :    Maryland:  Prince  George's  County, 

Muirkirk,  470. 
Steel:  Alabama:  North  Birmingham,  Henderson  steel,  64. 
Steel  rails,  234,  237. 

Tantaliie  :  Dakota:  Black  Hills,  Etta  mine,  593. 

Tin-ores:  United  States:  California:  595;  Dakota:  Black  Hills;  First  Find 
mine  (cassiterite),  595 ;  Nigger  Hill  (stream-tin),  596;  Occidental  mine  (cas- 
siterite),  595 ;  Southern  Hills 'stream-tin),  596;  Tin  Mountain  mine  (cassit- 
erite), 595.  Other  Countries:  Bohemia:  Schlackenwald,  595;  Zinnwald, 
595;  Bolivia:  Tipuani,  595;  England:  Cornwall,  595,  596;  Leland :  Wick- 
low,  595;  Mexico:  Xeres,  595  ;  Sweden:  Finbo,  595. 
Uiutahite:   Utah:   114. 

Waste  gases  from  blast-furnace,  58,  59,  60,  78. 
Water,  unlit  for  use  in  steam-boilers,  353. 
Water-gas,  300,  301. 
Analysis  of  water  for  sanitary  purposes,  341, 
Anemometer,  6G. 

Animikie  formation  in  Ontario,  Canada  [295,  296,  300]. 
Animikite  in  Ontario,  Canada  [294]. 
Anthracite  and  Coke,  Separate   and  Mixed,  in  the   Warwick   Blast- Furnace    (Cook) 

[xxvi],  124. 
Anthracite  at  Bernice,  Pa.,  overlying  a  bed  of  bituminous  coal,  614,  616. 
Anthracite  coal-basin,  Bernice,  Sullivan  County,  Pa.,  G06. 
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Anthracite  in  northweoterii  Colorado  ['^77]. 

Antliraoile  of  Pottsville  basin,  Pennsylvania,  tliickneHs  of,  208. 

Antliracite-mines,  amount  of  timber  used  in,  'itio. 

Antiquity  of  man  on  North  American  continent  [33")]. 

Antwerp  iron-ores,  Jefferson  County,  New  York  [747]. 

Apatite:  In  the  Black  Hills,  Dakota  [592]  ;  In  Ontario,  Canada  [299]. 

Apatite,  Canadian,  phosphoric  acid  in,  87. 

Apex  tunnel,  Aspen,  Colorado  [171,  175]. 

Appalachian  coal-field,  [206]. 

Apparatus  for  experiments  in  reduction  of  iron-ore,  286. 

Apparatus  for  rapid  reduction  of  ferric  solutions  in  volumetric  analysis,  413. 

Archa-an  age  of  Black  Hills  ore-deposits,  571,  573,  587,  589. 

Archrean  formation  in  the  Black  Hills,  570,  571,  583. 

Archa'an  granite  in  the  Sawatch  Range  and  at  Aspen,  Colorado,  161,  163,  180. 

Archer  gas-producer  [810]. 

Argentiferous  manganese-ores  of  Tombstone,  Arizona,  767. 

Argentite :  In  Ontario,  Canada  [294,  296]  ;  At  Rosario  mine,  Honduras  [442]. 

Argillites  in  Black  Hills,  Dakota  [498,  574]. 

Arizona:  Argentiferous  manganese-ores  of  Tombstone  district,  767. 

Arizona:  Water-storage,  476. 

Arizona  ;  Yavapai  County  ;  Cop[)er-deposits  of  Copper  Basin,  479. 

Arnold  Hill  iron-mine,  Clinton  County,  N.  Y.  [747]. 

Arsenic  determination,  note  on,  77. 

Arsenic  in  Ontario,  Canada  [294,  298]. 

Arsenopyrite :  In  Black  Hills,  Dakota  [498,  579,  593]  ;  In  Ontario,  Canada  [294]. 

Asbestos:  In  Black  Hills,  Dakota  [498]  ;  In  Ontario,  Canada  [294]. 

Ascension  theory  of  formation  of  ore-deposits  [448]. 

Ash  in  Chattanooga  coke,  142. 

AsHBURNER,  CHARLES  ALBERT:  The  Development  and  Statistics  of  the  Alabama  Coal- 
Fields  for  1887  [xxii],  206;  The  Oeoloyy  of  Buffalo  as  Related  to  Natural-Gas 
Explorations  Along  the  Niagara  River  [xxvi],  398;  On  the  geology  of  Bernice 
coal-basin,  [607]  ;  On  petroleum  and  natural  gas  in  New  York  state,  398,  402, 
404. 

Ashcroft,  Colorado  [159]. 

Ashland  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 

Aspen  dolomite,  Colorado :  Cambrian,  168 ;  Silurian,  168. 

Aspen,  Colorado:  Early  history,  158;  Electricity  applied  in  mining  work  [558], 
563 ;  Ore-deposits,  discovery  of,  158 ;  Porphyry,  168 ;  The  ore  an  altered  lime- 
stone, 204 ;  Theory  of  formation  of  the  ore,  204  et  seq, 

Aspen-Mammoth  silver-mine.  Aspen,  Col.  [170]. 

Aspen  Mining  and  Smelting  Conjpany  [176,  186,  189]. 

Aspen  Mountain,  Colorado :  Geology  and  mines  of,  156;  General  geology,  161; 
Geological  section,  167,  168;  Topographical  map,  172. 

Aspen  silver-mine.  Aspen,  Col.  [161,  170],  173,  et  seq. 

Asphidt  and  Its  Uses  (Greene)  [xxv],  355. 

Asphalt:  Analysis  of,  363,  364;  Used  in  ancient  times  [357]  ;  From  Cuba,  362; 
from  Utah,  [115], 

Asphalt  Lake,  Trinidad,  .362,  363, 

Asjihalt-mastic,  361. 

Asphalt  pavements,  357,  366. 

Asphaltene  [362]. 
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Assays:  Copper,  409;  Electrolytic  assay  of  copper,  406 ;  Gold-ores,  6,  12,  13,  14, 
15,  16  ;  Roasted  gold-ores,  6,  12;  Tin-ore  containing  columbite,  634. 

Associates  ;  Change  of  status  to  members  :  At  Birmingham,  xxi ;  At  Buffalo,  xxix  ; 
At  New  York,  xli ;  Elected  :  At  Birmingham,  xxi ;  At  Buffalo,  xxviii ;  At  New 
York,  xl. 

Atlantasaurus  shales  in  northwestern  Colorado  [376]. 

Atlantic  copper-mill,  Lake  Superior,  Mich.,  cost  of  dressing  at,  676,  677. 

Atlantic  copper-mine.  Lake  Superior,  cost  of  mining  at,  578. 

Atlas  works,  Pittsburgh,  Pa.  [461,  470]. 

Atmospheric  air,  weight  of  cubic  foot  of  [100]. 

Auriferous  ores  (see  Gold  ores). 

Auriferous  sulphides,  clilorination  of  low  grades  of,  313. 

Auriferous  tin-veins  in  the  Black  Hills  [589]. 

Aurora  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 

Austin,  W.  L.,  on  silver-milling  in  Arizona  [767]. 

Automatic  Dumping- Cradles  for  Mine- Cars  (Munroe)  [xlii],  564. 

"Automatic"  ore-feeder,  Tullock  [512]. 

Antunite  in  the  Black  Hills,  Dakota  [592]. 

Available  heat  of  combustion  of  blast-furnace  gases,  79. 

Avery  salt-mine,  Petite  Anse  Island,  Iberia  Parish,  Louisiana,  107  et  seq. 

Azurite  :  At  Copper  Basin,  Arizona  [479]  ;  At  Rosario  mine,  Honduras  [442]. 

Bacillus  tuberculosis  in  water,  346. 

Baker,  D.,  analysis  of  argentiferous  manganese-ore,  769. 

Ball-stamp  in  use  in  the  Black  Hills  [528]. 

"  Baltimore"  iron-ores,  Maryland,  463,  464. 

Barber  Asphalt  Paving  Company's  works,  visit  to  [xxix]. 

Barber's  asphalt,  or  Grahamite  [374]. 

Barium  oxide  in  porphyry  at  Aspen,  Colorado,  204. 

Barnum  iron-mine,  Marquette  County,  Mich.  [718]. 

Barrel-chlorination  of  North  Carolina  gold-ores,  316  et  seq. 

Baryia:  In  the  Black  Hills,  Dakota  [593]  ;  In  Ontario,  Canada  [294];  As  gangue 

in  silver-mines  of  .Aspen,  Colorado  [159]. 
Basalt:  In  northwestern  Colorado  [377]  ;  In  Honduras,  Central  America  [434]. 
Basic  process  [60]. 
Basic-slag  crystals  [89]. 

Battery  (see  Milling  and  Stamp-mills).  . 

Bayles,  J.  C,  estimate  of  fuel-consumption  of  Southern  furnaces  [140]. 
Beach  Glen  iron-mine,  Morris  County,  N.  J.  [739]. 
Bee-hive  geyser,  Yellowstone  Park,  451,  547,  548,  549,  554,  555. 
Beekman  iron- mine,  Dutchess  County,  N.  Y.  [748]. 
Beryl  in  the  Black  Hills,  Dakota  [593]. 
Bell,  Sir  I.  Lowthian:  On  blast-furnace  process,  [283];  On  the  disadvantages  of  soft 

coke  in  blast-furnaces  [147]. 
Berchtesgaden  salt-mine,  Berchtesgaden,  Bavaria  [110]. 
Bernice  anthracite  coal-basin,  Sullivan  County,  Pa.,  606. 
Bernice  anthracite  coal :  Its  properties  and  the  method  of  mining  it,  612;  Analysis 

of,  610,  615. 
Bernice  breaker,  peculiar  crushing  apparatus,  613. 
Bertenshaw  and  McFarland  bumping-tables  [541]. 
Bessemer  Coal  &  Coke  Company,  Bessemer,  Ala.,  225. 
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Bessemer  iron-mine,  Gogebic  Range,  Lake  Snperior  [719]. 

Bessemer  steel  rails,  226  et  seq. ;  Specilications  for,  288. 

Bestwooil  Colliery,  Nottingham,  England  [430,  -132]. 

Bibb  Counts-,  Ala.:  Coal-mines  anil  seams  [20'.)],  210,  215  et  seq.;  Coal  product 
in  18S7,  207,  210. 

Big  Find  silver-mine,  Cociiise  Connty,  Arizona  [775]. 

Billings,  (i.  H.,  Coal  vs.  Oil  in  (he  Puddling-Fui-nace  and  in  Raisinrj  Steam 
[xxxii],  808. 

Biographical  Notice  of  Byron  W.  Cheever  (Pettee)  [xix]. 

Biographical  Notice  of  Erich  C-  Schaufuss  (Bowden)  [xxxi],  419. 

BiKKiNBiNE,  John  :  Prominent  Sources  of  Iron-Ore  Supply  [xliii],  715 ;  On  roasting- 
kilns  l\)r  carbonate  ores  [275]. 

BiHKiNuiNE,  John,  and  Edison,  Thomas  A.,  The  Concentration  of  Iron- Ore  [xxxi], 
728. 

Birmingham,  Ala.  (see  also  North  Birniingliam)  :  Improved  blast-furnace  practice 
at,  151 ;  Iron-ores  and  fuels  of,  151 ;  Meeting:  May,  1888;  Proceedings,  xix. 

Birmingham  (Alabama)  pig-iron,  grading  of,  94. 

Bitite,  3(J4;  Used  as  an  insulator  [563]. 

Bitume  factice  [373]. 

Bitumen:  Classified,  358;  Detined,  357. 

Bituminous  cement  [356]. 

Bituminous  coal-measures  in  Pennsylvania,  thickness  of,  208. 

Bituminous  coal-mines,  consumption  of  timber  in,  265. 

Bituuiinoiis  limestones,  360,  361,  362. 

Bituminous  sandstones,  360. 

Black  Creek  coal-seam.  New  Castle,  Jeflerson  County,  Ala.  [153,  215]. 

Black  Diamond  Coal  Company,  Alabama  [219]. 

Black  Hills,  Dakota:  Geological  structure,  570;  Gold-ores  and  gold-milling,  498; 
Gold  yield,  498,  538  ;  Gold-deposits  of  Arclijean  age,  571*  573,  587  ;  Homestake 
ore-deposit  compared  with  the  deposit  at  Kammelsberg,  575 ;  Ore-deposits,  570; 
Ore-beds,  their  mode  of  formation,  574 ;  Ores,  and  their  metallurgical  treatment, 
588;  Tin-ores,  595  et  seq.  ;  Yield  of  tin,  596. 

Black  Hills  stamp-mills,  cost  of  labor  in,  532. 

Black -tin,  Analyses,  596. 

Blake  crusher  [509,  606];  In  use  at  Bonne  Terre,  Missouri  [666]. 

Blake,  Theo.  A.,  on  fine  crushing  of  iron-ore  [733]. 

Blake,  William  P.;  Copper- Deposits  of  Copper  Basin,  Arizona,  and  their  Origin 
[xxxii],  479;  Note  upon  Some  Results  of  the  Storage  of  Water  in  Arizo7ia  [xliii], 
476 ;  Discussion  of  paper  by  Carpenter  and  Headden,  on  the  Jnjluence  of  Culum- 
bite  on  the  Tin-Assay,  7 So;  On  the  argenlilerous  manganese-ores,  and  geology 
of  Tombstone  district,  Arizona  [767],  770  ;  On  the  tin  of  tlie  Black  Hills,  Dakota 
[589,  590]  ;  On  the  etiect  of  cokimbite  on  the  metallurgy  of  tin,  633. 

Blast-furnace  fuel,  96. 

Blast-furnace  gases:  Analyses  of,  78,  79;    Available  heat,  for  tiring  bi)ilers,  78. 

Blast-furnace  lines,  754. 

BUist-furnace  process:  Bell's  objection  to  soft  coke,  147,  148;  Di.scussion  on 
economic  limit  of  height  and  capacity,  135,  141  ec  seq.;  Kelative  economy  of 
large  i-s.  small  furnaces  on  Alabama  material,  I'Soelseq.;  Improved  practice  in 
the  Birmingham,  Ala.,  district,  151 ;  Use  of  finely  divided  iron-ore,  731  ;  With 
auxiliary  combustion-chamber,  97. 

lil  isi-fiirnaces  (see  also  iron- Works) ;  United  States:    Alabama:  Bibb  County; 
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Woodstock,  Edwards  [222];  Calhoun  County;  Anniston  [222];  Colbert 
County  ;  Sheffield  [222]  ;  Etowah  County  ;  Gadsden  [222]  ;  Jefferson  County  ; 
Bessemer  [222]  ;  Birmingham,  143  ;  Birmingham  district ;  Alice  [222]  ;  Mary 
Pratt  [152,  153,  222]  ;  Sloss  [211 ,  212,  222] ;  Williamson  [222]  ;  Ensley,  136  et 
seq.,  141  et  seq.,  152  [222]  ;  Oxmoor,  Eureka  [222]  ;  Woodward  [141,  153,  222]  ; 
Illinois:  Cook  County  ;  South  Chicago  [144]  ;  Lake  County  ;  North  Chicago 
[756];  Chicago,  Union  [756,  757];  Will  County;  Joliet,  Ethel,  285  ;  ilfary- 
land:  Baltimore,  Stickney,  471  ;  Prince  George's  County ;  Muirkirk,  460,  468; 
Missouri:  Crawford  County  ;  Midland  [756]  ;  JVew  York:  Dutchess  County  ; 
Amenia,  Wassaic,  469,  472 ;  Oneida  County :  Franklin  [748]  ;  Kirkland  [748]  ; 
Ohio:  Cuyahoga  County;  Cleveland,  Cleveland  Rolling  Mill  Company 
[150];  Pennsylvania:  Allegheny  County;  Bessemer,  Edgar  Thompson,  150 ; 
Pittsburgh,  756  ;  Isabella  [150]  ;  Lucy  [150]  ;  BucksCounty;  Durham  [102]  ; 
Dauphin  County ;  Steelton,  Pennsylvania  Steel  Company  [150]  ;  Lackawanna 
County  ;  Scranton  [731]  ;  Montgomery  County  ;  Pottstown,  Warwick,  124,  389  ; 
Virginia  :  Alleghany  County,  Longdale  [124]  ;  Low  Moor  [124].  Other 
Countries:  Austria:  Eisenerz,  Wrbna  [755];  Plieflau,  Ferdinand  [756]; 
Treibach  [756,  757];  England:  Ferry  Hill  [143,  149];  Middlesbrough  [143, 
149];  Lancashire,  N.  Lonsdale  [756];  Newport  [756]. 

Blast-furnaces :  Effect  of  velocity  and  tension  of  gases  in,  282 ;  Waste  gas  used  as  fuel 
for  steam-boilers,  50. 

Blende  in  Ontario,  Canada  [294]. 

"Block"  pavements  of  asphalt  [371]. 

Blocton,  Bibb  County,  Ala.:    Coal-mines    and   seams  [209],  210,  215,  [223];  Visit 
to  [xxiii]. 

Blooms,  analyses  of,  679. 

Bloom-rolls,  speed  of  running  [426]. 

Blue  Creek  coal-mines,  Alabama  [224]  ;   Visit  to  [xxiii]. 

Blue  Creek  coke,  analysis  of,  154. 

Blue  Monday  silver-mine,  Cochise  County,  Ariz.  [775]. 

Blue-Lead,  Black  Hills,  581. 

Blum  on  phosphate-slag  [89]. 

Bob  Ingersoll  tin-deposit,  Black  Hills,  Dakota  [592], 

Bob's  Ridge,  Greenbrier  County,  W.  Va.,  116  e<  seq. 

Bog  iron-ore  in  Ontario,  Canada  [294]. 

Boiler  fuel,  water-gas  as,  300. 

Boiler  incrustations  :  Cause,  350,  351 ;  Preventatives,  351,353,  354;  Analyses,  352. 

Boiler-scale  resolvent  [354]. 

Boiling-point  of  geyser  waters  in  Yellowstone  Park,  551. 

Bonnybel  silver-mine,  Aspen,  Colo.,  170  et  seq.,  202,  205;  Geological  section   [198]. 

Booth,  Franklin,  experiments  in  oxidizing-roasting  of  Murchie  pyrite,  6. 

Booth,  Garrett,  and  Blair,  analyses  of  Wassaic  ore,  472. 

Boron  associated  with  tin  in  the  Black  Hills  [593]. 

Borronicki  on  phosphate-slag  [89]. 

Boston  and  Arizona  Smelting  and  Reduction  Company  [771]. 

BoWDEN,  J.  H.,  Biographical  Notice  of  Erich  C.  Schaufuss  [xxxi],  419. 

Bowie,  A.,  on  the  stamp-mills  of  the  Black  Hills  [498]. 

BowRON,  William  M.,  The  Cost  of  a  Ton  of  Pig-iron  in  the  Sequachee  Valley  [xix], 
45. 

Bowen,  H.  C,  analyses  of  asphalt,  363,  364. 

Boyle  on  volatility  of  gold  [8]. 
VOL.  XVII. — 52 
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Brainerd,  Alfred  F.  :  Henderson  Steel  [xix],  60;  Notes  on  the  Iron-Ores,  Fuels, 
and  Improved  lilast-Furnace  Pmetice  of  the  Birminijham  District  [xxii],  151  ; 
Analyses  of  Alabama  coals,  213  '224,  225;  Of  iron-ores,  limestone,  and  cokes, 
137,  138, 153, 154  ;  On  phosphorus  in  Alabama  pig-iron  [92]  ;  Remarks  in  dis- 
cussion of  Mr.  Gordon's  paper  on  Large  Furnaces  on  Alabama  Material,  141. 

Brake  coal-mine,  Jefferson  County.  Ala.  [214]. 

Brewsters  iron-mine,  Putnaui  County,  N.  Y.  [74fi]. 

Brick-clay  in  Ontario,  Canada  [2i  4,  297,  298]. 

Brierticld,  Bibb  County,  Ala.,  coal-mines  at,  210,  215. 

Britton,  J.  Blodgctt ;  Aualysis  of  "  Baltimore  "  iron-ore,  464  ;  Of  oyster-shells,  467  ; 
Of  pig-iron,  255. 

Brokenarrovv,  St.  Clair  County,  Ala.,  coal-mines  at,  210. 

Broockman  on  phosphate-slag  [89]. 

Brooks  Locomotive  Works,  Dunkirk,  N.  Y.,  visit  to  [xxixj. 

Brookside,  Jefferson  County,  Ala.,  coal-mines  at  [210,  211]. 

Brown,  J.  J.;  analysis  of  Buffalo  cement,  251. 

Browne  David  II.:  Distribution  of  Pho><phnrus  in  the  Ludinr/ton.  Mine,  Iron  Moun- 
tain, Michigan:  A  Study  in  Isochemic  Lines  [xlii],  616;  Remarks  in  discussion 
of  Mr.  VVoodbridge's  paper  on  A  Rapid  Method  for  the  Determination  of  Phos- 
phorus in  Certain  Ores,  752. 

Browning,  F.  D.,  on  gold  chlorination  in  California  [504]. 

Bruce  copper-mines,  Ontario,  Canada  [295]. 

Brusii  Electric  Company's  plant  at  Comstock  mines,  Nevada,  558. 

Buchanan  magnetic  ore-separator,  737  [742]. 

Buffalo,  New  York  :  Geology  of,  o98 ;  Asphalt  pavements,  367,  369  ;  Meeting, 
October,  1888;  Proceedings,  xxiv. 

Buffalo  cement,  analyses  of,  251. 

Buffalo  Cement  Company,  Buffalo,  N.  Y.,  250,  398,  401,  404,  405;  Visit  to  works 
[xxix]. 

Buffalo  gypsiun  and  cement-rock  deposits,  250;  Fossil iferous,  251. 

Bulkley,  Fred.  G.,  remarks  in  discussion  of  Mr.  Rothwell's  paper  on  The  Present 
Status  of  Electric  Transmission  of  Poioer,  563. 

Bunker  Hill  silver-mine,  Cochise  County,  Ariz.  [774]. 

Bunsen  tiame,  colored  green  by  chloride  of  gold  in  chlorine  gas,  20,  21. 

Burchard  .silver-mine,  Cochise  Comity,  Ariz.  [775]. 

Burden  iron-mine,  Columbia  County,  N.  Y.  [748]. 

Butte,  Montana,  manganese-ores,  774. 

Butters,  C,  on  loss  of  gold  and  silver  in  roasting,  11, 

Cabarrus  County,  North  Carolina,  Phccnix  gold-mine  [314,  315]. 

Cahaba  coal-field,  Bibb  County,  Ala.,  207,  209. 

Cahaba  Coal  Mining  Company,  Bibb  County,  Ala.,  215,  216. 

Cahaba  coke,  analy.ses  of,  154. 

Calciimi  chloride,  effect  on  boiling  point  of  water,  453,  note. 

Calcidntions  of  the  Available  Heat  and  the  Required  Dimensions  of  Chimneys,  Combus- 
tion-Chambers and  Gas-Barners,  in  the  Use  of  Blast- Furnace  Oases  for  Firing 
Boilers  (Robkrt.s)  [xxi],  78. 

Caledonia  gold-mine,  Black  Hills,  Dakota,  576;  Stamp-mill,  Terraville,  500  et  seq., 
539. 

California,  bituminous  sandstones,  360. 

Callender  Insulating  Company  [364]. 
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Calorific  power  of  Lackawanna  coal  [303]. 

Cambria  iron-mine,  Marquette  County,  Mich.  [718]. 

Cambria  Iron  and  Steel  Works,  Johnstown,  Cambria  County,  Pa.  [227]. 

Cambrian  formation:   At  Aspen,  Colo.    [157,  163,  173,  178,  179];    In  the  Black 

Hills  [571]. 
Campbell,  J.  L.,  analysis  of  coal,  211. 
Campbell  and  Raymond  hot-blast  stove  [463]. 
Canby,  R.  C,  Note  on  Arsenic  Determination  [xxi],  77. 
Carbon  :  In  cast-iron  changed  by  silicon  to  graphitic  condition,  253 ;  How  affected  by 

silicon,  684,  690;  Graphitic,  as  a  softener  of  cast-iron,  253;  As  an  impurity  in 

zinc  [412,  418]  ;  In  steel  rails  [783]  ;  Value  as  fuel,  99. 
Carbonate  iron-ores :   Near  Baltimore,  Maryland  [463]  ;    Roasting  of,  on    Hudson 

River,  275. 
Carbon  Hill,  Walker  County,  Ala.,  coal-mines  at,  210,  220. 
Carbonic  acid,  specific  heat  of  [100]. 
Carbonic  oxide,  specific  heat  of   [100]  ;    Value  as  fuel  [99]  ;    Weight  of  cubic  foot 

of  [100]. 
Carboniferous  formation:  Arizona:  Tombstone  [768];  Colorado:  Aspen  [157,  166, 

174  et  seq.,  178  et  seq.,  205]  ;  In  northwestern  Colorado,  376  et  seq.  ;    Red  Moun- 
tain, Aspen  [156];  Dakota:  Black  Hills  [571]  ;   West  Virginia:  118. 
Carboniferous  limestone,  the  ore-bearing  rock  of  Aspen  and  Leadville,  Colo.,  164 

et  seq. 
Carbon  Iron  Company,  Pittsburgh,  Pa.,  678. 
Carnegie,  Andrew,  address  of  welcome  at  New  York  [xxxi]. 
Carnegie,  D.  J.,  on  reduction  of  ferric-sulphate  in  volumetric  analysis  [411]. 
Carpenter,  Franklin  R.,  Ore-Deposits  of  the  Black  Hills  of  Dakota  [xlii],  570. 
Carpenter,  Franklin  R.  and  Headden.,  W.  P.,  Note  on  the  Infiuence  of  Colum- 

hite  upon  the  Tin-Assay  [xlii],  633. 
Carrick-fergiis  salt-mine,  Carrick-fergus,  Ireland  [110]. 
Cassel  stamp-mill.  Central  City,  Dak.  [500].  * 
Cassiterite:  Analysis  of,  595;  In  the  Black  Hills,  589,  590,  634. 
Cast-iron  (see  also  Pig-iron);    Analysis  of,  700;    Silicon  in,  683;   Sources  of  its 

strength,  253. 
Cast-steel  water-jackets,  131. 

Cement:  Analyses,  251;  Bituminous  and  hydraulic  [356]. 
Cement-gravel,  auriferous,  in  the  Black  Hills,  572. 
Cement-Rock  and  Oypsum- Deposits  in  Buffalo  (Poiilman)  [xxvi],  250. 
Cement-rock  :   In  the  Black  Hills  [571]  ;  At  Buffalo,  fossiliferous,  251 ;  In  Ontario, 

Canada  [294,  298,  300]. 
Central  Forge  Company's  works,  Whitestone,  Long  Island,  visit  to  [xliv]. 
Centrifugal-pumps:  Heald  &  Cisco  [668]. 
Cerussite  at  Rosario  mine,  Honduras  [442]. 
Chalcopyrite :    In  Black  Hills,  Dakota  [498,  581,  582]  ;  In  granite,  Copper  Basin, 

Arizona  [482]  ;  In  Ontario,  Canada  [294]. 
"Challenge"  ore-feeder,  Hendy  [512]. 
Champion  iron-mine,  Marquette  County,  Mich.,  717,  729  ;  Hand  separation  of  ore, 

729. 
Champion  tin-vein,  Black  Hills  [590]. 
Chandler  iron-mine,  Vermilion  Range,  Minn.  [719]. 
Change  of  status  of  associates  ;    At  Birmingham,  xxi :  At  Buffalo,  xxix  ;  At  New 

York,  xl. 
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Clianntp,  O.,  experiments  on  crnshinK-strain  on  rails,  230. 

Cliapin  iron-mine,  Iron  Mountain,  Menominee  County,  Midi.,  560,  5G6,  619,  718; 

Compressed  air-plant  at,  560. 
Charcoal :  As  a  precipitant  for  gold,  37  ;    Used  per  ton  of  iron  at  Muirkirk  furnace, 

468  et  spq. 
Charleston  rock,  phosphoric  acid  in,  87. 
Chateaugay  iron-mine,  Clinton  County,  N.  Y.  [747]. 
Chateangay  Ore  and  Iron  Company,  7'22,  730,  739,  740  ;  Ore-concentration  at  Lyon 

Mountain,  N.Y.,  731  [743]. 
"Chats,"  or  waste-sands,  and  chat-tanks,  660. 
Cheap  fuels  in  blast-fiirnace,  96. 

Ciiemimg  formation,  Greenbrier  County,  W.  Va.   [117]. 
Cheshire  salt-wells,  Cheshire,  England  [110]. 
Chester  Steel  Castings  Company,  Chester,  Pa.  [131]. 
Chilling  of  iron  affected  by  silicon,  705  et  seq. 
Chimney  draught,  head  of,  80. 

Chimneys,  sectional  area  of  when  used  witii  blast-furnace  gases,  78  et  seq. 
Chinaman  geyser,  Yellowstone  Park,  451,552. 
Chloride  silver-mine.  Aspen,  Colo.  [159,  170,  173,  202,  205]. 
Chloride  of  gold  [7]  ;  Test  for  in  stream  of  chlorine  gas,  20,  21 ;  Higher  chlorides 

[37]. 
Chloride  of  silver  :    Volatility  of  [8,  9]  ;  At  Kosario  mine,  Honduras  [442]. 
Chloridizing  muffle  roasts  with  Murchie  pyrite,  15. 

Chloridizing-roasting  :  Losses  of  gold  in,  9;  Losses  increased  by  increase  of  salt,  of 
temperature,  and  of  time  of  roasting,  14;  With  addition  of  sulphur,  776. 
'  Chlorinaiion  of  Low-  Grade  Auriferous  Sulphides  (Phillips)  [xxvi],  313. 
Chlorination  of  gold-concentrates  :    In  the  Black  Hills  [541]  ;   In   North  Carolina 

[541]. 
Chlorination,  Mears's  process,  315. 

Chlorination-works  (see  also  Concentration-works,  Gold-mills,  Lixiviation-works, 
Keduction-works,  Smelting-works,  and  Stamp-mills)  ;  California:  Grass  Valley 
[42];  Nevada  City,  Maltman,  42;  Merrifield  mine,  42. 
Chlorine:  Effect  of,  on  metals  at  cherry-red  heat,  34;  In  impure  water,  344 ;  Re- 
lation to  gold,  7,  19;  Eelative  affinity  for  gold  and  the  base  metals  [33]  ;  Vo- 
latility of  gold  in,  8,  19  et  seq.;  Effect  of  temperature  on  volatility  of  gold  in, 
21  et  seq. 
Christy,   S.   B.,    I'he   Losses  in  Roasting    Gold-Ores  and   the   Volatility  of    Gold 

[xxii],  3. 
Church,  Prof.  John  A. :    Concentration  at  Toml)stone  [767];  Tellurium  in  ores  of 

Tombstone  [771]  ;  On  sustaining  power  of  coke  [146]. 
Cinder:  Iron  saved  from  Bessemer  converter  cinder  by  magnetic  separator,  606. 
Claghorn,  Clarence   R.,  Notes  on  the  Bemice   Anthracite  Coal- Basin,  Hallivan 

County,  Pa.  [xlii],  606. 
Clapp,  G.  H.  and  Hunt,  A.  E.,  The  Impurities  of  Water  [xxvi],  338. 
Clapp-Griffith  process  [60]. 

Clark,  Ellis,  Jr.,  on  mag.ietic  separator  at  Pribram,  Bohemia  [736]. 
Clark   iron-mine,  St.  Lawrence  County,  N.  Y.  [747]. 

Clark,  J.  K.,  remarks  in  discussion  of  Mr.  Goodale's  paper  on   The  Occurrence 
and    Treatment   of   the    Argentiferous   Manganese- Ores    of     Tombstone   District, 
Arizona,  776. 
Classen  on  electrolytic  as.say  of  copper,  406. 
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Classification  of  coal  for  tariff  duty  ort  importation  into  Canada,  611. 

Classification  of  ores  for  jigging  :  Is  close  sizing  advantageous?  637  et  seq. 

Clayton,  J.  E.,  on  vein-formation  [449]. 

Cleveland  iron-mine,  Marquette  County,  Mich.,  717. 

Cleveland  Rolling  Mill  Company,  Clevelatid.  Ohio  [150]. 

Cleveland  tin-vein.  Bear  Gulch,  Black  Hills  [590]. 

Cliff's  Shaft  iron-mine,  Marquette  County,  Mich.  [718]. 

Clifton  blast-furnace,  Alabama,  visit  to  [xxiii]. 

"Clinkers"  in  roasting  Hudson  River  ore,  278. 

Clinton  County,  N.  Y.,  iron-district  [745],  748. 

Clinton  formation  :  In  western  Few  York  [327,  328,  331,  399  etseq.'l ;  In  Greenbrier 
County,  West  Virginia  [117]  ;  In  Ontario,  Canada  [300]. 

Clinton  fossil-ores  [745],  748;  Hematites  in  New  York,  748;  At  Red  Mountain, 
Ala.,  1.52. 

Clove  Spring  iron-mine,  Dutchess  County,  N.  Y.  [748], 

Coal:  Analyses,  47,  63,  121,  211,  213,  214,  217  et  seq.,  610,  615;  In  Alabama 
[91];  Coal  product  of  Alabama  for  1887,  206;  Miners' wages  in  Alabama, 
222;  Washing  of  Alabama  coal  before  coking,  141,  145;  In  Cretaceous  forma- 
tion of  northwestern  Colorado,  377  ;  In  Weber  shales.  Aspen,  Colorado,  166; 
In  Pocono  sandstone,  Pennsylvania,  208;  In  Georgia  [91]  ;  In  Tennessee,  47 
[91];  Cost  of  mining  in  the  Seqnachee  Valley,  48 ;  In  Greenbrier  County, 
West  Virginia,  119,  121  ;  Estimated  amount  of  bituminous  coal  in  Pennsylvania 
208;  English  coal  sold  in  ports  of  Gulf  of  Mexico,  226;  Coking  of  Alabama 
coals,  136. 

Coal-basins  (see  also  Coal-beds,  Coal-fields,  and  Coal-mines);  Pennsylvania:  Potts- 
ville,  208;  Sullivan  County,  Bernice,  606. 

Coal-beds  (see  also  Coal-basins,  Coal-fields,  and  Coal-mines) :  Pennsylvania:  Lykens 
Valley,  609  ;  Mammoth,  208. 

Coal  Creek  coal-mines,  Parksville,  Ala.,  225. 

Coal-crusher  at  the  Bernice  breaker,  613. 

Coal-fields  (see  also  Coal-basins,  Coal-beds,  and  Coal  mines):  Appalachian,  206; 
Alabama:  206;  Coosa,  207  [209];  New  Castle,  209;  Bibb  County,  Cahaba 
[63],  207,  209  ;  Warrior  [148],  207,  209  ;  Warrior,  available  tonnage  of,  2U7  ; 
Colorado:  375  et  seq.;  Illinois  and  Ohio:  [208];  West  Virginia:  [119],  121 
[208]  ;  Available  tonnage  of  the  various  coal-fields  in  the  United  States,  208. 
Coal-mines  :  United  States:  Alabama:  210  (table)  ;  Bibb  County  ;  Brierfield  Coal 
and  Coke  Company,  210,  211,  215  ;  Cahaba  Coal  Mining  Company,  210,  215  : 
Jefferson  County,  214;  Black  Creek  [153,  215];  Brake  [214];  Carr  &  Com- 
pany, 210;  Coalburg  [152]  ;  Henry  Ellen  Coal  Company,  210  [223];  Hoene 
Consolidated  Coal  Company,  210,  214;  Jefferson,  214  ;  Mabel  Mining  Company, 
210,213;  Milner  Coal  and  Railroad  Company,  210,  215  [223]  ;  Newcastle 
[153],  215;  New  Shaft,  214;  Old  Shaft,  214;  Pierce  Warrior  Coal  Company, 
210,  214;  Parksville,  Coal  Creek,  225;  Pratt,  152,  209  elseq.  [223]  ;  Sloss  Iron 
and  Steel  Company,  210,  212;  Tennessee  Coal,  Iron,  and  Railroad  Company, 
209,  210 ;  Warrior  Coal  and  Coke  Company,  210,  211  [223]  ;  Watts  Coal  and 
Iron  Company,  210  e<  seq.;  Woodward  Iron  Company,  210,  211,  215  ;  Wolf 
Den  Hollow,  214  ;  Shelby  County  ;  Montevallo  Coal  and  Iron  Company,  210, 
221  [223,  224]  ;  St.  Chiir  County  ;  Coosa  Coal  and  Coke  Company,  210 ;  St. 
Clair  Coal  Company,  210,  211,  217;  Tuscaloosa  County;  Insane  Hospital, 
221;  A.  Durie,  210,221;  Walker  County ;  Black  Diamond  Coal  Company, 
210, 219;  Corona  Coal  and  Coke  Company,  210,  220;  Day's  Gap,  219;  Deer  Creek, 


822  INDEX. 

219;  E  Donaldson  &  Co.,  210;  T.  IT.  Dunn  i<t  Co.,  210  ;  Frief  and  Moore, 
210;  Kansas  City  Coal  and  Coke  Company,  210,  220;  B.  M.  Long  &  Co.,  210; 
Norwell  &  Co.,  210;  O'Brien  Coal  ComiKiny,  210,  218  ;  Patton,  218  ;  Penn  Mobile 
Coal  Company,  210;  Virginiii  and  Alabama  Mining  and  Mannfiictiiring 
Company,  210,  210;  Wolf  Creek  Coal  Company,  210,  218;  Penmiilvnnia: 
Luzerne  County ;  Nanticoke  [419];  Sullivan  County;  Bernice,  Heiss,  Jackson, 
and  Mylert  openings,  615  ;  Tennessee:  Bledsoe  County  ;  Ferguson  [47]  ;  Nor- 
wood [47]  ;  Panter  [47]  ;  Seals  [47];  Webb  [47]  ;  Cumberland  County;  Basses 
Creek  [47]  ;  Brown  [47]  ;  Marion  County  ;  Battle  Creek  [47]  ;  Bee  Branch 
[47]  ;  Distribute  Branch  [47]  ;  Griffith's  Creek  [47]  ;  Hammet's  Cove  [47]  ; 
Kinnaird's  Cove  (outcrop)  [47];  Kalston's  Cove  (outcrop)  [47];  Victoria 
[47];  Whitewell  [47]:  Sequatchie  County,  Deakin's  (outcrop)  [47];  Heard 
[47]  ;  Elliot  [47]  ;  Kankin  [47]  ;  Stone  [47];  West  Virginia:  Crescent  [455]  ; 
Faulkner  [455]  ;  Winifrede  Coal  Company  [455];  Fayette  County;  Powell- 
ton,  Mt.  Carbon  [454].  Other  Countries:  England:  North  Staffordshire, 
Sneyd  [431,  432]  ;  Nottingham,  Bestwood  [430,432];  Germany:  Westphalia, 
ILmover  [429]. 

Coalburg,  Jefferson  County,  Ala.:  Coal-mines  at,  [141],  210,  211  [223]  ;  Analysis 
of  coke,  154. 

Coal-slack  as  blast-furnace  fuel  [97]. 

Coal-tar  and  asphalt  used  together,  368. 

Coal-tipples  on  the  Kanawha  River,  W.  Va.,  455. 

Coal  Valley,  Walker  County,  Ala.,  coal-mines  at,  210,  219. 

Coal  l^ansfer  of  the  Mt.  Carbon  Company,  Limited  (Page)  [xlii],  454. 

Coal  versus  Oil  in  the  Puddling- Furnace  and  in  Raising  Steam  (Billings)  [xxxii], 
808. 

Coke  :  Analysis  of,  154,  224,  225  ;  As  a  blast-furnace  fuel,  with  anthracite,  Warwick 
furnace,  124, 126;  Connellsville,  compared  with  coke  from  Alabama,  142;  Experi- 
ments in  washing  Alabama  coal  to  improve  the  coke,  141,  145;  Objections  to 
the  use  of  soft  coke,  147  ;  "  Ketarded  coke  "  as  a  fuel,  678  ;  Amount  used  to  ton 
of  pig-iron  in  Sequachee  Valley,  48  ;  Cost  of  in  Sequachee  Valley,  48  ;  Made 
from  Southern  coal,  136,  142;  Sustaining  power  of  Alabama  coke,  147;  Sus- 
taining power  of  Connellsville  coke,  147  ;  Sustaining  power  of  West  Virginia 
coke,  147  ;  Used  in  making  a  ton  of  iron  in  Birmingham  district,  151. 

Coke:  Localities:  Alabama:  Blue  Creek,  152,  155;  Cahaba,  155;  Coalburg,  155; 
New  Castle,  155;  Pratt,  155;  Tennessee:  Sequachee  Valley,  47,  48 ;  ('hat- 
tanooga,  142. 

Coke-ovens,  Jasper,  Walker  County,  Ala.  [226]. 

Coking-coal  of  northwestern  Colorado,  377  et  seq. 

Cokes  of  Alabama,  136;  Quality  of,  142;  Amount  produced,  211. 

Colby-Davis  roasting  kilns  for  iron-ores  [721]. 

Colby  iron-mine,  Gogebic  Range,  Lake  Superior,  718, 

Cold  straightening  of  rails,  234,  785. 

Coldren,  Jerome,  discoverer  of  nickel  in  Kansas,  636. 

Color  and  odor  of  water,  terms  describing,  340. 

Colorado:  Coal-region,  375  ;  Anthracite  [377]  ;  Coking-coal,  377  ;  Lignite,  377; 
Gold-ores  of  Gilpin  County  [541]  ;  Geology  and  mines  of  Pitkin  County,  156, 

Columbia  County,  N.  Y.,  inm-district  [745],  748. 

Columbite  :  Analysis  of,  593,  634  ;  In  the  Black  Hills,  Dakota,  592,  633  [786]  ;  Its 
influence  upon  the  tin- assay,  633. 

Combustion  chambers,  dimensions  when  used  with  blast-furnace  gases,  78  el  seq. 
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Combustion  of  fuels,  99. 

Comma  bacillus  in  water  [346]. 

Commercial  value  of  phosphate-slag,  88. 

Commonwealth  iron-mine,  Florence  County,  Wis.  [718]. 

Comparison  of  high  and  low  furnaces  in  iron-smelting  [149]. 

Compositicm  of  products  of  combustion  of  blast-furnace  gases,  79. 

Compressed-air  plant  at  Iron  Mountain,  Michigan,  560. 

CoMSTOCK,  Theodore  B.,  Hot  Spring  Formations  in  Red  Mountain  District:  A 
Reply  to  the  Criticisms  of  Mr.  Emmons  [xxvii],  261. 

Comstock  silver-mines,  Nevada,  electric  plant  at,  558. 

Concentration  of  Iron- Ore  (Birkinbine  and  Edison)  [xxxi],  728. 

Concentration  of  ores  (see  also  Jigging) :  Iron-ores,  sizing,  733 ;  Lead-ore  at 
Bonne  Terre,  Mo.,  661 ;  Tin  ores  in  the  Black  Hills,  597. 

Concentration-plant  at  Dakota  School  of  Mines,  597. 

Concentration-works  (see  also  Chlorination-works,  Gold-mills,  Lixiviation-works, 
Reduction-works,  Smelting-works,  and  Stamp-mills);  For  iron-ores:  Michigan: 
Negaunee  [728];  Republic  [728];  Neiv  York:  Clinton  County,  7bO ;  Putnam 
County,  730. 

Condensation  of  chloride  of  gold :  From  a  chlorine  stream,  36  et  seq. ;  By  aid  of 
pyrite,  44. 

Condensing-tower  for  removing  gold  from  chlorine-gas,  41. 

Congress  mine.  Red  Mountain  district,  Colo.  [264]. 

Conkling  magnetic  ore-separator,  739. 

Connamara  silver-mine,  Aspen,  Colo.  [170,  173,  176,  200  et  seg.]. 

Connellsville  coke:  Compared  with  coke  from  Alabama,  142;  Sustaining  power  of, 
147. 

Contact-deposits :  At  Aspen,  Colo.,  165,  185, 186,  205,  206 ;  In  the  Black  Hills,  582  et 
seq. 

Contact  silver-mine,  Cochise  County,  Ariz.  [775]. 

Continental  system  of  jigging,  637. 

Cook,  Edgar  S.,  Anthracite  and  Coke,  Separate  and  Mixed,  in  the  Warwick  Blast- 
Furnace  [xxvi],  124;   Tuyere  Slagging- Valve  [xxvi],  389. 

Cook,  Robert  Anderson,  Wenstrdm  Magnetic  Separator  [xlii],  599. 

Coosa  coal-field,  Alabama,  207  [209]. 

Copake  Iron  Company,  strength  of  iron,  463. 

Copper:  Arizona:  Yavapai  County,  Copper  Basin,  479  et  seq. ;  Process  for  treat- 
ment suggested,  484;  Dakota:  Black  Hills  [571];  Native,  in  archsean  rocks, 
581;  Ontario:  294,  29.5,  298;  Effect  of  chlorine  on,  at  cherry-red  heat,  35; 
Electrolytic  assay  of  copper,  406,  409;  In  eruptive  rocks  [482,  note];  In 
North  Carolina  gold-ores  [314]  ;  In  Triassic  formation  of  New  Jersey  [483]. 

Copper- m i nes :  Michigan:  Lake  Superior,  Atlantic,  578;  Montana:  Deer  Lodge 
County;  Anaconda  [528]  ;  New  Mexico:  Santa  Rita  [483]  ;  Ontario:  Sudbury, 
295. 

Copper- Deposits  of  Copper  Basin,  Arizona,  and  their  Origin  (Blake)  [xxxii],  479. 

Copper-dressing  at  Lake  Superior  [637,  640,  670]  ;  Cost  of,  676,  677. 

Copper-glance:  In  the  Black  Hills  [581]  ;  In  Ontario,  Canada  [294]. 

Copper-ores  as  cement  in  fragmental  rocks  [479]. 

Cordova,  Walker  County,  Ala.,  coal-mines  at,  210. 

Corniferoiis  limestone:  Niagara,  N.  Y.  [32-5,  328,  329]  ;  Buffalo,  250,  398  et  seq. 

Cornish-rolls  at  Bonne  Terre,  Mo.  [666]. 
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Cornwall  iron-ore  banks,  Pennsylvania,  720  ;  Magnetic  concentration  at  [743]  ;  Cost 
of  mining;;  at  [155]. 

Corona,  Walker  County,  Ala.,  coal-mines  at,  210,  218,  220. 

Corundum  in  the  Black  Hills,  Dakota  [593]. 

Oost  of  a  Ton  of  Pig-iron  in  the  Seguachee  Valley  (Bowron)  [xix],  45. 

Cost:  Of  chlorinating  gold  concentrates,  321  ;  Of  copper-dressing  at  Lake  Superior, 
676;  Of  hand-{)icking  iron-ore  at  Dannemora,  Sweden,  604;  Of  lead-dressing 
at  St.  Joseph  Lead  Works,  Bonne  Terre,  Mo.,  676;  Of  milling  gold  in  the 
Black  Hills,  540,  577;  Of  mining  at  the  Atlantic  mine.  Lake  Superior,  578; 
Of  mining  coal  in  the  Sequacliee  Valley,  Tennessee,  48;  Of  mining  iron-ore 
at  Cornwall  Bank,  Lebanon,  Pa.  [155];  Of  natural  gas  compared  with  cost  of 
anthracite  at  Buffalo,  406;  Of  roasting  gold-concentrates  in  North  Carolina, 
318;  Of  water-gas  compared  with  coal  as  a  fuel  [304]. 

Cotta  on  the  Rammelsberg  ore-deposit  [576]. 

Council,  report  of,  for  the  year  ending  February,  1889,  xxxiii. 

Cowboy  tin-mine.  Black  Hills,  Dakota  [786]. 

Cowles  Electric  Smelting  and  Aluminum  Company  [521];  Visit  to  works  of,  at 
Lockport,  N.  Y.  [xxx]. 

Cox,  E.  T.,  analyses  of  cements,  25L 

Crescent  coal-mines,  West  Virginia  [455]. 

Cresson,  C.  M.,  analysis  of  Bernice  anthracite  coal,  610. 

Cretaceous  formation  :  At  Aspen,  Colo.  [157]  ;  In  the  Black  Hills  [571]  ;  In  Mary- 
land [464]  ;  In  Honduras,  C.  A.  [434]. 

Cretaceous  coal-measures  in  Colorado,  377. 

Croft  iron-mine,  Putnam'  County,  N.  Y.  [746]. 

Croton  magnetite  iron-mine,  Putnam  County,  N.  Y.  [737  746]  ;  Ores  [734,  743, 
744]. 

Crown  Point  iron-mine,  Essex  County,  N.  Y.  [746]. 

Crystals  in  basic  converter  slag  [89,  90]. 

Crystals  of  chloride  of  gold  formed  in  roasting,  23. 

Cuban  asphalt  or  glance-pitch,  362. 

Cultivation  of  Mushrooms  in  Abandoned  Mines  at  Akron,  N.  Y.  (Warren)  [xxv], 
248. 

Cuprite  in  the  Black  Hills  [581]. 

Custer  County,  Dakota,  gold-ore,  578,  579. 

Cycads  in  Honduras,  C.  A.,  432,  435. 

Daggett,  Ellsworth,  on  the  Russell  process  [45]. 

Dakota  formation  in  northwestern  Colorado  [376]. 

Dakota:  Gold-ores  of  the  Black  Hills,  498  ;  Ore-deposits  of  Black  Hills,  570 ;  Tin- 
mines,  Cowboy  [786]. 

Dakota  School  of  Mines,  Rapid  City,  concentration-plant  at,  597. 

Dams  :  Arizona:  Yavapai  County,  Walnut  Grove,  476. 

Dannemora  iron-mine,  Sweden,  603. 

Danbrfee:  On  copper  in  eruptive-rocks  [482,  note]  ;  On  the  relation  of  tin-ores  to 
other  minerals,  594. 

Dawes,  H.  F.,  method  of  phosphorus  determination,  750. 

Davis-(!olby  roasting-kilns  for  iron-ores  [721]. 

Day's  Gap,  Walker  County,  Ala.,  coal-mines  at,  210,  219. 

Deadwood  gold-mine.  Black  Hills,  Dakota,  573,  574,  575,  577;  Stamp-niill,  500 
et  seq. 
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De  Bardeleben  Coal  and  Iron  Company,  Ala.  [152,  223  et  seq."]. 

Debray  :  Of  volatility  of  gold  [4]  ;  Of  gold  chloride  [8]. 

Deer  Creek  coal-mine,  Walker  County,  Ala.,  219. 

De  Gournay  on  Koepe  system  of  winding  [432]. 

Delano,  Frederic  A. :  Rail- Sections  [xxxii],421;  Quoted  in  discussion  on  steel 

rails,  246. 
Delano,  W.  H. :  Remarks  in  the  discussion  of  Mr.  Greene's  {)aper  c:i  Aqihalt  and  Its 

Uses,  373 ;  On  use  of  asphalt  in  foundations,  366. 
Denton,  J.  E.,  The  Economy  of  Modern  Air-compressors  [xliii]. 
Denton,  J.  E.  and  Jacobus,  D.  S.,  The  Efficiency  of  a  Steam- Boiler  Using  (he  Wasle- 

Gas  of  a  Blasf-Furnace  as  Fuel  [xxii].  50. 
De-phosphorizing  iron,  Thomas  process  [86,  92]. 
Deposition  of  hematite,  629  et  seq. 

De  Smet  gold-mine.  Black  Hills,  Dakota  [573,  574,  576]. 
Determination  of  Phosphorus  in  Iron  and  Steel  (Shimer)  [xxi],  100. 
Determination  of  phosphorus  in  certain  iron-ores,  750. 
Determination  of  Silicon  in  Ferro-silicons ;    Its  Occurrence  in  Aluminum  as    Graphi- 

toidal  Silicon;    and  a  Sttidy  of  its  Reactions  with  Alkaline  Carbonates  ^ Wil- 
liams) [xxxii],  542. 
Development  and  StatisticH  of  the  Alabama  Coal-fields  for  1887  (Ashburner)  [xxii], 

206. 
Devereaux,  W^.  B.,  on  the  occurrence  of  gold  in  the  Black  Hills  [572,  573]. 
Deville:   On  silicon  in  aluminum  [544]  ;  On  volatility  of  gold  [4]. 
Devonian  formation  :   Buffalo,  N.  Y.,  250,  398  et  seq. :  In  Ontario,  Canada  [294, 

299]  ;    Greenbrier   County,  W.  Va.,  116  et  seq.;    Not  seen  in  the  Black  Hills 

[571]. 
Dewey,  Fred.  P.:    Note  on  the  Nickel-Ore  of  Russell  Springs,  Logan  County,  Kan, 

[xxvi],  636;  Pig-iron  of   Unusual  Strength  [xxvi],  460;    On  sustaining  power 

of  coke  [146]  ;  On  phosphate  slag  [89]. 
Dexter  silver-mill,  Butte,  Montana  [777]. 
Dieuze  salt- wells,  Dieuze,  German  Lorraine  [110]. 
Differential  Regenerative  Hot-Blast  Store  and  its  Application  to  an  Open-Hearth  Blast- 

Furnace  (Wainwbight)  [xxvi],  132. 
Discovery:  Of  Aspen  ore-deposits,  158;  Of  tin  in  the  Black  Hills,  Dakota,  588; 
Disease  germs  in  water,  how  detected,  347. 
Distribution  of  Phosphorus  in  the  Ludington  Mine,   Iron  Mountain,  Michigan,  A  Study 

in  Isochemic  Lines  (Browne)  [xlii],  616. 
Dixon  claim.  Aspen,  Colo.  [178]. 
Dolomite:    Aspen  Mountain,  Colo.,  Lower  Carboniferous,  164,  165,  178;  Silurian 

163,  178  et  seq.;  North  Birmingham,  Jefferson  County,  Ala.,  61,  63. 
Dolomitization  of  limestone  at  Aspen,  Colo.,  164  et  seq.,  196. 
Donaldson's  ore-banks,  near  Muirkirk,  Maryland  [465]. 

Double  chloride  of  gold  and  silver  supposed  to  be  formed  in  Miller  process,  33. 
Dressing- works  (see  also  Lead-works)  :  St.  Joseph   Lead  Company,  Bonne  Terre, 

Mo.,  659. 
Droitwich  salt-wells,  Droitwich,  England  [110]. 
Drown.  T.  M.:  Analysis  ofgilsonite  (uintahite),  114;  Analyses  of  Wassaic  pig-iron, 

473;  On  the  action  of  alkaline  carbonates  on  pig-iron  [543]  ;  On  reduction  of 

ferric-sulphate  in  volumetric  analysis  [412]:  Terms  for  describing  the  color  and 

odor  of  surface  waters,  340 ;    Use  of  calcium-chloride  solution  in  separating 

coal  from  slate  [145]. 
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Drown  and    Miililenberg  on   nietliod  for  deterniination  of  pliospliorns  in  iron  and 

steel  [102]. 
Dncktown,  Tenn.,  copper-deposit  coinpari'd  witli  copper-deposits  in  the  Hiaciv  Hills, 

581. 
Dnniping-cradies  for  mine-cars,  5()4. 
Dump-piles  of  iron-mines  reworked  [729]. 
Dnnn  iron-mine,  Menominee  Range,  Lake  Superior  [718]. 
Durant  silver-mine  and  incline.  Aspen,  Colo.  [170,  1S9  et  se^]. 
Dutchess  County,  N.  Y.,  iron-district  [745],  748. 

Earle,  F.  C,  analysis  of  limestone,  774. 

Eaton  on  the  geology  of  Niagara  River  [898]. 

Economy  of  Modern  Air-Compressors  (Denton)  [.\liii]. 

Edgar  Thomson  Steel  Company,  Bessemer,  Allegheny  County,  Pa.  [150]. 

Edgar  Thomson  blast-furnace,  Pittsburgh,  Pa.  r75f)]. 

Edison,  Thomas  A.  and  Birkiniunk,  .John,  The  Concentration  of  Iron-Ore  [xxxi], 
728. 

Edison  magnetic  ore-separators,  741,  743. 

Effect  of  Velocity  and  Tension  of  Gases  on  the  Reduction  of  Ores  in  the  Blast-Fumace 
(Roiunson)  [xxvi],  282. 

Efficiency  of  a  Steam- Boiler  Uainc/  the  Waste-Gas  of  a  Blast-Fumace  as  Fuel  (Jacobus 
and  Denton)  [xxii],  50. 

Election  of  members  and  associates:  At  Birmingham,  xx ;  At  Buffalo,  xxvii;  At 
New  York,  xxxix. 

Election  of  officers  in  February,  1889,  xxxiii. 

Electric  plant  at  Comstock  silver-mines,  Nevada,  558. 

Electric  transmission  of  power,  555. 

Electricity  :  Applied  to  mining  machinery  at  Aspen,  Colo.  [156],  563;  Employed  in 
smelting  and  welding,  559. 

Electric  currents  of  high  voltage,  561. 

Electric  insulation  by  Ferranti's  system  [561]. 

Electric  motors  employed  in  mines,  555. 

Electrolytic  assay  of  copper,  406. 

Elgin  decision,  its  bearing  on  the  question  of  end-lines  in  mining  claims,  790,  791, 
794. 

Elk  Mountains,  Colorado  [180,  181]. 

Elliott,  Andrew,  description  of  Niagara  Falls  [322]. 

Elliott  gas-analyzing  instruments  [51]. 

Elsener  on  volatility  of  gold  [4]. 

Embolite  at  the  Rosario  mine,  Honduras  [442]. 

Emery  testing-machine,  Yale  and  Towne  Manufiicturing  Company,  Stamford,  Conn., 
462. 

Emma  silver-mining  claim,  Aspen,  Colo.  [160,  170,  176,  188  etseq.,  191  et  seq.,  194, 
196]. 

Emmerton  on  method  for  determination  of  [)lif)s]iliorus  in  iron  and  steel  [102]. 

Emmons,  S.  F.:  On  the  geological  formation  of  the  Black  Ilill.s,  Dakota  [572,  573]  ; 
Geolf)gy  of  Mo'^quito  Range,  Leadville,  Colo.,  167;  On  geology  of  Leadville 
[164];  On  ore-deposits  [445,  448];  On  Leadville  ore-deposits  [586]  ;  On  ore- 
deposits  of  Red  Mountain  district,  Colorado,  262;  Replied  to  by  Tlieo.  B. 
Com.stock,  261. 

End-Lines  and  Side-Lines  in  the  United  States  Mining  Law  (Raymond)  [xxxi],  787. 
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Engineering  laboratory,  need  of,  385. 

Engineering  profession  and  its  present  needs,  380. 

English  versus  the  Continental  System  of  Jigging — Is  Close  Sizing  Advantageous  f 
(Munroe)  [xlii],  G37. 

English  method  of  jigging:    Its  advantages,  6/)n,  659  ;  Its  disadvantages,  656. 

Ensley  blast-fnrnaces,  Ensley,  Ala.,  135  et  seq.  [152];  Visit  to  [xxii]. 

Enterprise  Tunnel,  Aspen,  Colo   [176], 

Eqnal-falling  spheres,  diameter  of,  650. 

Equalization  of  Load  on  Winding-Engines  hy  the  Employment  of  Spiral-Drums 
(RoGEEs)  [xxvi],  305. 

Erie-clay  formation  [402]. 

Eruptive  rocks  containing  copper  [482,  note]. 

Ethel-furnace,  Joliet  Steel  Company,  Joliet,  Will  County,  111.  [285]. 

Etta  tin-mine,  Black  Hills,  Dakota  [589,  591,  592,  786]. 

Eureka  blast-furnace,  Birmingham,  Ala.  [152]. 

Eureka  Cnmi>any  [223,224]. 

Eurypterus  in  Buffalo  cement-rock,  251. 

Eustis  on  methods  of  copper  analysis,  406. 

EvELETH,  J.  K.,  remarks  in  discussion  of  Mr.  Jones's  paper  on  A  Rapid  Method 
for  the  Reduction  of  Eerric  Sulphate  in  Volumetric  Analysis,  757. 

Experiment  devised  to  force  mercury  into  contact  with  gold,  315;  To  reduce  iron- 
ore  with  gases  of  different  velocity  and  tension,  285;  To  illustrate  pressure  on 
walls  of  blast-furnace,  148. 

Experimental  determination  of  laws  governing  movement  of  bodies  in  narrow 
channels,  640  et  seq. 

Explosion  of  fire-damp  at  Nanticoke,  Pa.,  419. 

Fackenthal,  B.  F.,  .Jr.,  Hollow  Iron  Pig-Patterns  [xlii],  427. 

Fall  of  bodies  in  water,  laws  governing  the,  638. 

Falling-velocity  of  grains  in  water  and  glycerine,  653,  657. 

Father  de  Sniet  stamp-mill,  Central  City,  Dak.,  500  et  seq. 

Faulkner  coal-mines.  West  Virginia  [455]. 

Fault-fissure  at  Aspen,  Colo.,  205. 

Fearless  geyser.  Yellowstone  Park,  554,  555. 

Feasibility  of  Using  Cheaper  Fuels  in  the  Blast-Furnace  (Wainwright)   [xxii],  96. 

Feather  River,  California,  electric-plant  on  [558]. 

Feed-water  in  jigging,  and  the  effect  of  varying  its  quantity,  673. 

Fehlingon  volatilization  of  gold  by  discharge  of  electricity  [4]. 

Felsite  in  Honduras,  C.  A.  [434]. 

Felton,  E.  C,  Oil  as  a  Metallurgical  Fuel  [xxxii],  809. 

Fentress  gold-mine,  Guilford  County,  N.  C.  [314]. 

Ferdinand  blast-furnace,  Hieflau,  Austria  [756]. 

Fernow,  B.  E.,  The  Mining  Industry  in  Its  Relation  to  Forestry  [xxv],  264. 

Ferranti  system  of  insulation  [561]. 

Ferric  sulphate,  reduction  of,  in  volumetric  analysis,  411. 

Ferro-Sil iron  and  the  Economy  of  Its  Use  (Keep  and  Orton)  [xxvi],  253. 

Ferro-silicoiis:   Analyses,  255;  American  and    foreign  brands  compared,  254  ;    Its 

influence  on  the  properties  of  iron,  689  et  seq.  ;  Used  as  a  softener  of  pig-iron, 

684. 
Ferry  Hill  blast-furnace,  England  [143,  149]. 
Fertilizers  (phospliatic),  annual  production  of,  in  the  United  States,  84,  85. 
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Fire-clay  in  the  Black  Hills  [571]. 

Fire-damp  explosion  at  Nanticoke,  Pa-,  419. 

Firnistonc,  P.,  remarks  in  discussion  of  Mr.  Gordon's  pajjer  on  Large  Furnaces  on 
Alah<tma  M(tteri<d,  14-5. 

First  Find  tin-vein,  Rlack  Hills,  Dakota  [590,  59-5]. 

Fishkill  iron-mine,  Dutchess  Coimty,  N.  Y.  [748]. 

Flagstaft'decision,  its  bearing  on  tlie  question  of  end-lines  in  mining  claims,  790,  791. 

Fleischer:  On  average  composition  of  German  slag,  86,92;  On  dephosphorizing 
iron  by  the  Thomas  process  [86,  92]. 

Fleming,  H.  S.,  analysis  of  ferro-siiicon,  2-5"). 

Flemixg,  n.  S.,  Keep  W.  J.,  and  Orton,  Edward,  Jk.,  Silicon  in  Cast-iron  [xlii], 
683. 

Florence  iron-mine,  Florence  County,   Wis.   [718]. 

Florida,  manufacture  and  consumption  of  phosplioric  acid  fertilizer,  85. 

Flue-Dust  of  the  Farnnces  at  Low  Moor,  Va.  (Means)  [xxvi],  r29. 

Flue  dust  from  gold-roasting,  not  rich,  36. 

Fluorine  associated  with  tin  in  the  Black  Hills  [593]. 

Fluorspar  in  Ontario,  Cana.  [296]. 

Flux  of  oyster  shells  used  at  Muirkirk  furnace  [467]. 

Forest  of  Dean  iron-mine,  Putnam  County,  N.  Y.  [740,  746]. 

Forest-management,  suggestions  for,  272. 

Forestry,  its  relation  to  mining  industry,  264. 

Forrest  silver-mining  claim.  Aspen,  Colo.  [170,  175,  199]. 

Fossil  cycads  in  Honduras,  C.  A.,  432,  435. 

Fossil  ore  in  New  York  [745],  748. 

Fossils  in  cement-rock  at  Buffalo,  N.  Y.,  251, 

Foimdations  of  asphalt-concrete  for  machines,  366. 

Foundry-iron  softened  by  silicon,  254. 

Fountain  geyser,  Yellowstone  Park,  549,  554,  555. 

Fourth  of  July  silver-mine,  Cochise  County,  Ariz.  [775]. 

France :  Bituminous  limestone,  360 ;  .Sandstone,  360 ;  Tar-springs  [358]. 

Franklinite  in  New  Jersey  [722]. 

Franklin  Iron  AVorks,  Oneida  Countv,  N.  Y.  [748]. 

Franklin  silver-mine.  Aspen,  Colo.  [170]. 

Frazer,  Pcrsifor  :  Cla.ssification  of  coals  [611];  .\nalvsisof  Bernice  anthracite  coal, 
610. 

Freil  and  Millbrook's  ore-banks  near  Muirkirk,  Md.  [465]. 

Freire,  Dr.,  on  fever  bacilli  in  water  [346]. 

Fristol  and  Lawver,  analysis  of  gilsonite,  114. 

Fritz  three-high  rolling-mill  [228]. 

Frue  vanners:  In  use  in  the  Black  Hills,  Dakota  [-597] ;  AtRosario  mine,  Hondura.s 
[442];  At  Phoenix  gold-mine,  N.  C  [317,  319]. 

Fuchs  on  volatility  of  gold  [4]. 

Fuel :  Coal  versus  Oil,  808  ;  Combustion  of,  99  ;  Crude  Petroleum  used  under  steam- 
boilers,  807,  809  ;  Feasibility  of  using  cheaper  fuels  in  bliist-furnaee,  96;  "Re- 
tarded fuel  "  for  iron-reduction,  678;  Water-gas  as  a  steam-boiler  fuel,  300. 

Fuel-consumption  per  ton  of  pig-iron  at  Warwick  furnace,  124. 

Fulton,  John:  Objection  to  soft  coke  for  blast-furnaces  [147]  ;  On  sustaining  power 
of  various  cokes,  147. 

Galena  silver-mine.  Aspen,  Colo.  [178]. 

Galenite  :  In  the  Black  Hills,  Dakota,  [593]  ;  In  Ontario,  Canada  [294,  296]. 
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Gangue  of  North  Carolina  gold-ores  [314]. 

Garnet  in  the  Black  Hills,  Dakota  [498,  593]. 

Gas:  Analysis  of,  301 ;  Natural  gas  for  blast-furnaces  [97]  ;  Water-gas  as  a  steam- 
boiler  fuel,  300;  Blast-furnace  gases,  analyses  of,  58,  59,  60,  78;  Blast- 
furnace gases,  available  heat  of,  for  firing  boilers,  78;  Waste  gases  from  blast- 
furnaces used  as  fuel  for  steam-boilers,  50 ;  Effect  of  velocity  and  tension  of 
gases  on  the  reduction  of  ores  in  the  blast-furnace,  282. 

Gas-analyzing  instruments,  Elliott  [51]. 

Gas-burners,  required  dimensions  for  blast-furnace  gases,  78  et  seq. 

Gas-tar  [358,  359]. 

Gate  City  rolling-mill,  Alabama,  visit  to  [xxiii]. 

Gates  crusher  [510]. 

Genth,  F.  A.,  analysis  of  Bernice  anthracite  coal,  610. 

Geological  formations  of  Ontario,  Canada,  294. 

Geological  map  of  the  United  States,  by  C.  H.  Hitchcock  [xii]. 

Geological  section  :  South  Park  to  Elk  Mountain,  Colorado,  162;  Of  well  drilled  at 
Port  Colborne,  Ontario,  401 ;  At  Buffalo,  N.  Y.,  252. 

Geological  structure  :  Of  the  Black  Hills,  570;  Of  Alabama  coal-beds,  208  ;  Of  the 
Bernice  anthracite  coal-basin,  607,  et  seq. 

Geology:  Of  northwestern  Colorado  coal-region,  376 ;  Of  Copper  Basin,  Yavapai 
County,  Ariz,  479;  Aspen  Moimtain,  Colorado,  156,  161;  Sawatch  Range, 
Colorado,  156,  161;  Petite  Anse  Island,  Iberia  Parish,  Louisiana,  107  et  seq.  ; 
BufflUo.  N.  Y.,  252. 

Geology  of  Buffalo  as  Relatud  to  Natural- Gas  Explorations  along  the  Niagara  River 
(AsHBURNER)  [xxvi],  398. 

Georgia,  manufacture  and  consumption  of  phosphoric-acid  fertilizer,  85. 

German  system  of  jigging,  637. 

Germania  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 

Germany,  bituminous  limestone,  362. 

Gey.serite  in  Yellowstone  Park  [548], 

Geysers  ;  Yellowstone  Park,  546  ;  Theory  of  action,  452. 

Geyser-action  accelerated  by  soap,  449  et  seq.,  546  et  seq. 

Geyser-waters  in  Yellowstone  Park  ;  Boiling  point  of,  551 ;  Temperature  of  [554], 

Giant  geyser,  Yellowstone  Park,  451,  549. 

Giantess  geyser,  Yellowstone  Park,  451,  452,  547,  548,  549. 

Gilpin  County,  Colo.,  ores  of  [541]. 

Gilsonite  from  Uintah  County,  Utah,  113  [359]. 

Gjers  and  Grittinger  roasting-kilns  for  iron-ores  [721]. 

Glance-pitch  or  hard  asphalt,  358,  359. 

Glenmore  Iron  Estate,  Greenbrier  County,  West  Virginia  (Page)  [xxv],  115. 

Glenn,  William,  Notes  on  the  Electrolytic  Assay  of  Copper  [xlii],  406. 

"Globe"  pig-iron,  analysis  of,  255. 

Glucinum  associated  with  tin  in  the  Black  Hills  [593]. 

Glycerine,  falling- velocity  of  grains  in,  653. 

Gmelin  and  Kraut  on  volatility  of  gold  [3], 

Goderich  salt-wells,   Goderich,  Ontario,  Canada  [110]. 

Goesmann  :  On  geology  of  Petite  Anse  Island  [108]  ;  On  phosphate-slag  [89], 

Gogebic  iron-range,  Michigan,  716  etseq.,  727  ;  Product  of,  725. 

Golconda  silver-mine,  Aspen,  Colo.  [170,  176,  189,  190,  196]. 

Gold:  Dakota:  Black  Hills,  498,  571;  Custer  County,  578,  579;  Pennington 
County,  578,  579,  580  ;  At  Rosario  mine,  Honduras  [442]  ;  In  Ontario,  Canada 
[294,  295,  296],  298. 
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Gold:  Crystals  formed  in  roasting,  24;   Elfect  of  licat  on,  3 ;  Relation  to  olilorine, 

7,  It)  et  seq.  ;  Volatility  of,  3  el  seq.  ;  Volatility  of,  in  atmosphere  of  chlorine, 

8,  19;  Volatilization  by  electric  discharge  [4]  ;  Welding  of  g<»ld  buttons  allow 
teniperaturc  [30,  note];  In  Black  Hills,  Archsean  rock,  573;  Gold  prodfict  of 
the  Black  Hills  in  1887,  498;  Fineness  of  the  Black  Hills  gold,  573;  In  me- 
tallic sulphides,  losses  in  oxidizing- roasting  of,  5;  Gold  yield  of  North  Carolina, 
314;  North  Carolina  auriferous  sulphides,  313  et  seq. 

Gold  Hill  gold-mine,  Rowan  County,  N.  C.  [314]. 

Gold  MUliiuj  in  the  Black  Hills  {  Hofman)  [xlii],  498. 

Gold-mills  (see  also  Chlorination-works,  Concentration-works,  Lixiviation-works, 
Reduction-works,  Snielting-works  and  Stamp-mills):  Dakota:  Central  City, 
Father  de  Smet,  498,  500  et  xeq;  Montana:  Butte,  Lexington  [11]. 

Gold-mines:  California:  Nevada  County  ;  Murchie  [3,6,14];  Dakota:  Lawrence 
County  ;  Golden  Star  [575]  ;  Central  City,  De  Smet  [573,  574,  57t)]  ;  Dead- 
wood,  Caledonia,  576;  Lead  <3ity,  Dead  wood-Terra,  573  et  seq  ;  Highland 
[573,  577];  Homestake,  572  et  seq.;  North  Carolina:  Cabarrus  County; 
Phienix  [814  et  seq.,  319  et  seq.,  541];  Guilford  County;  Fentress  [314]; 
Rowan  County;  Gold  Hill  [314];  South  Carolina:  Lancaster  County  ;  Plaile 
[314  el  seq.l  ;  Honduras :  San  Juancito,  Rosario,  432;  Trinufo  [447]  ;  Ocotillo 
[447]  ;  Mexico  :  Vera  Cruz,  Las  Minas  [10]. 

Gold-ores:  Assays  of  roasted  ores,  G,  12,  13,  15,  16;  Losses  in  roasting,  3;  Losses 
in  chloridizing-roasting,  9,  14,  17;  Losses  in  roasting,  eftect  of  increased  tem- 
perature on,  19;  Effect  of  oxidizing-roasting  on,  4. 

Gold-placers  of  Black  Hills,  D.ikota,  571. 

Gold  roasting-furnace  at  Phoenix  mine,  North  Carolina,  317. 

Golden  Star  gold-mine,  Black  Hills,  Dakota,  575  ;  Stamp-mill,  500  et  .^eq ,  538. 

Golden  Terra  gold  mine,  Dakota,  576;  Stamp-mill,  500  et  seq. 

GooDAi.E,  Charles  W.,  The  Occurrence  and  Trentment  of  the  Argentiferous  Manga- 
nese  Ores  of  Tombstone  District,  Arizona  [xliii],  7U7. 

Gordon,  Frkd.  W.,  Large  Furnaces  on  Alabama  Material  [xix,  xxvii],  135. 

Gordon-Whitwell-Cowper  stoves  at  Ensley,  Ala.  [136,  137]. 

Goudie  on  mining'in  soft-ore  bodies  [104]. 

"Govan"  ferro-silicon,  analysis  of,  255. 

Grading  of  Birmingham  Pig-iron  (Robertson)  [xxii],  94. 

Graff,  Matthew,  inventor  of  "  retarded  fuel,"  678. 

Graff,  William,  analysis  of  Muirkirk  pig-iron,  470. 

Giahamite,  or  Barber's  asphalt  [374]. 

Granger  water-gas  [301]. 

Granite:  Of  West  Aspen  Mountain,  177;  In  Ontario,  Canada,  294,  295,  293. 

Granstrom,  experiments  in  using  line  ore  in  blast-furnaces,  005. 

Graphite:  In  the  Black  Hills,  Dakota  [574,  582,  593]  ;  In  Iluronian  strata,  Menom- 
inee County,  Mich.  [629]  ;  From  Cranston,  R.  I.  [678]  ;  In  Ontario,  Canada 
[294]. 

Gra|)hite  in  cast-iron,  and  its  influence  on  the  properties  of  the  metal,  690  et  seq. 

Graphitic  carbon  in  cast-iron  increased  in  amount  through  agency  of  silicon,  253. 

Graphitoidal  silicon,  542. 

Great  Britain,  product  of  iron-ore,  715. 

Green  River  coal-field,  Colorado  [377]. 

Greenbrier  County,  W.  Va. :  Coal,  ll!l,  121;  Iron,  115  et  seq. ;  Limestone,  119, 
120;  Timlier,  121  ;  Geological  and  topograi)hical  map  of,  117. 

Greenbrier  Mountain,  West  Virginia,  116  et  seq. 
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Greene,  F.  V.,  Asphalt  and  Its  Uses  [xxv],  355. 

Greenwood  iron-mine,  Orange  County,  N.  Y.  [746]. 

Greigsville  shaft,  Livingston  County,  N.  Y.  [400]. 

Greisen  associated  with  the  tin  of  the  Bhick  Hills  [591,  592]. 

Gridley,  E.,  on  the  strength  of  ircn  made  at  Wassaic  furnace,  472. 

Grizzlies  used  in  gold-mills  of  the  Black  Hills,  509. 

Groddeck :  On  phosphate-slag  [89]  ;  On  the  Rammelsherg  ore  deposit  [576]. 

Guilford  County,  N.  C,  Fentress  gold-mine  [314]. 

Gunnison  coal-field,  Colorado  [377,  378]. 

Guston  mine.  Red  Mountain  district,  Colorado  [264]. 

Gypsum  :   In  the  Black  Hills   [571]  ;  In  New  Brunswick  [297]  ;  In  Nova  Scotia 

[297]  ;  In  Ontario  [294,  297,  298,  299]. 
Gypsum  and  cement-rock  deposits  in  Buifalo,  250. 

Hagemann  anemometer,  75,  76. 

Hague,  Arnold  :  Soaping  Geysers  [xliii],  546  ;  On  geyser-action,  450 ;  On  the  leach- 
ing of  rhyolite  in  Yellowstone  Park,  448. 

Haile  gold-mine,  Lancaster  County,  S.  C.  [314,  316,  317,  319,  320]. 

Hall,  Prof.  James,  on  the  Geology  of  Niagara  Falls  [322,  333,  336,  399  et  se()]. 

Hallock,  Wm.,  on  the  boiling  point  of  geyser-waters,  551. 

Hall  salt-mine,  Hall,  Tyrol  [110]. 

Hallstadt  salt-mine,  Hallstadt,  Austria  [HO]. 

Halyraenites  sandstone  at  base  of  coal  measures  in  northwestern  Colorado,  379. 

Hamilton  formation:  Near  Niagara  River  [400]  ;  In  Greenbrier  County,  W.  Va., 
116  et  seq. 

Hanaiier  lead-smelting  works,  Salt  Lake  City,  Utah,  cast-steel  water-jackets  used  at, 
131. 

Hanover  coal-mine,  Westphalia,  Germany  [429,  431,  432]. 
"Harden,  John  H.,  Note  on  the  Koepe  System  of  Winding  from  Shafts  [xlii],  429. 

Hardness  of  iron,  influence  of  silicon  upon,  702. 

Hardness  of  water,  354,  355. 

Hard  Up  silver-mine,  Cochise  County,  Ariz.  [775]. 

Hare,  A.  W.,  on  porphyry  of  Aspen  Mountain,  Colo.  [168]. 

Harlem  River,  New  York,  High  Bridge,  365. 

Hartz  jigs  at  Bonne-Terre,  Mo.,  662,  674. 

Hayes,  Charles  E. ;  Experiments  at  chlorination  works  in  California,  11;  Investiga- 
tions on  losses  of  gold  and  silver  in  roasting  gold- ores,  11,  12. 

Hayes,  S.  Dana,  analysis  of  Bernice  anthracite  coal,  610. 

Hayes,  Thomas,  analysis  of  Bernice  anthracite  coal,  610. 

Headden,  W.  P.:  Analyses  of  cassiterite,  595  ;  Analysis  of  columbite,  593. 

Headden,  W.  P  ,  and  Carpenter,  Franklin  B.,  Note  on  the  Influence  of  Columbite 
upon  the  Tin- Assay  [xlii],  633. 

Heald  &  Cisco's  centrifugal-pumps  for  elevating  sand  and  water  [068]. 

Heat  available  in  blast  furnace  gases,  78  et  seq. 

Heavy-spar:  In  Ontario,  Canada  [296]  ;  As  gangue  in  ores  of  Aspen,  Colo,  204. 

Hedley  on  u.se  of  platinum  ware  in  electrolytic  assays  [410]. 

Heiss  coal-mine,  Sullivan  County,  Pa.  [615]. 

Helderberg  formation :    Near  Niagara  Falls   [399]  ;    In   Greenbrier  County,  W. 
Va.  [116,  117,  120]. 

Hematite  ^ see  also  Iron-ores):  Michigan:  Iron  Mountain,  617;  New  York:  JefTer- 
son  County,  745;  St.  Lawrence  County,  745;    Of  Lake  Superior  iron-region 


832  INDEX. 

[7"20] ;  In  Ontario,  Canada  [294]  ;  Brown  :  In  Connecticut,  Delaware,  Maine, 

Maryland,   Miussachusetts,    Missouri,  Texas,  Wisconsin    [724]  ;    In   Southern 

States  [723]  ;  Fossil  ore :  In  Southern  States  [723]  ;    Magnetic  properties  of 

[736] ;  Theory  of  hematite-deposits,  629  ct  .snq. 
Henderson,  James:  Steel  i>rocess,  60;  Description  of  process,  64. 
Hemic ri^onSleel  (Hrainkrd)  [xix],  60. 
Henderson  steel,  analyses  of,  64. 
Henderson  Steel  and    Manufacturing    ('onipany,    North    Birniingliam,    Jefferson 

County,  Ala.,  60  et  seq.;  Excursion  to  works  [xxii]. 
Hendy  Challenge  ore-feeder  [ol2]. 
Henrich,  Carl,  Notes  on  the  Geology  and  on  Some  of  the  Mines  of  Aspen  Mountain, 

Pitkin  County,  Colo,  [.'cxii],  156. 
Henry  Ellen,  Jefferson  County,  ■\ia.,  coal-mines  at,  210  [223]. 
Heterosite  in  the  Black  Hills,  Dakota  [592]. 

Hewett,  G.C,  The  Northwestern  Colorado  Coal  Region  [xxvi],  375. 
Hewitt,  George,  on  the  gold  of  Ilomestake  vein,  Black  Hills,  Dakota  [573]. 
High  Bridge,  Harlem  River,  New  York,  arch  of,  365. 

Plighlaud  gold-mine,  Black  Hills,  Lead  City,  Dak.,  573;  Stamp-mill,  500  et  seq. 
Highlands  of  the  Hudson  iron  district  [745],  746. 
Hilgard  on  the  geology  of  Petite  Ansa  Island,  La.  [108].    • 
Hilgenstock,  G.,  on  the  condition  of  phosphoric  acid  in  phosphate-slag,  89. 
Hitchcock,  Chas.  11.,  geological  map  of  the  United  States  [xii]. 
Hobokeu,  N.  J. :  Session  at  Stevens  Institute  of  Technology,  xliii. 
Hocking  Valley  salt-wells,  Hocking  Valley,  Ohio  [110]. 
HoFMAX,  H.  O. :  Gold-Milling  in  the  Black  Hills  [xlii],498;  On  treatment  of  Black 

Hills  tin-ores,  597. 
Holley,  Alexander  Lyman,  227  etseq.;  Memorial  of  [xi,  xii]. 
Hollow  Iron  Fig-Patterns  (Fackenthal)  [xlii],  427. 

Holly  Manufacturing  Company's  Works,  Lockport,  N.  Y.,  visit  to  [xxx].  • 

Homberg :  On  loss  of  gold  in  roasting  pyrites  [4]  ;  On  volatilization  of  gold  [4,  7]. 
Homestake  gold-mine,  Black  Hills,  Lead  City,  Dak.,  512  etseq.;  Stamp-mill,  500 

et  seq.,  538. 
Honduras,  Rosario  gold-mine  at  San  Juancito,  432. 
Honorary  Members,  list  of,  ix. 

Horse  Creek  mines.  Walker  County,  Ala.,  coal-mines  at,  210. 
Hot-blast  stoves:  Raymond  and  Campbell   [463];  Regenerative,  680;  Differential 

regenerative,  132. 
Hot-Spring  Formations  in  Red  Mountain  District,  Colorado:  A  Reply  to  the  Criticisms 

of  Mr.  Emmons  (Comstock)  [xxvii],  261. 
Hot-Springs  in  San  Juan  district,  Colorado,  262. 
Hot  straightening  of  rails,  234,  245. 

Howe,  II.  M.,  on  the  effect  of  silicon  upon  cast-iron  [685]. 
Howell  anil  White  furnace  [771]. 
Hudson  River  carbonates,  roasting  of,  275. 
Hudson  River,  New  Y'^ork,  iron-district  [745],  748. 
Hudson  River  formation,  near  Niagara  River  [402]. 
Hughes,  Herbert  W.,  discussion  of  Mr.  llarden'a  Note  on  the  Koepe  System  of  Winding 

from  Shafts,  431. 
Humboldt,  Mich.,  iron-ore  concentration  at,  743. 
Humboldt  iron  mine,  Marquette  County,  Mich.  [718]. 
HuNOERFORD,  W.  S.,  Mining  in  Soft  Ore- Bodies  at  Low  Moor  [xxii],  103. 
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Hunt,  Alfred  E.,  A  Note  upon  a  Modification  of  the  Reducing  Process  Used  by  the 
Carbon  Iron  Company  [xliii],  678. 

Hunt,  A.  E.  and  Clapp,  G.  H.,  The  Impurities  of  Water  [xxvi],  338. 

Hunt,  Robert  W.:  Steel  Rails  and  Specifications  for  their  Manufacture  [xxv],  226; 
Proposed  Rail-Sections  [xxxii],  778. 

Hunt,  T.  Sterry,  on  granitic-veins  of  the  Laurentian  formation  [594]. 

Huntilite  in  Ontario,  Canada  [294]. 

Huronian  and  Laurentian  series  of  Archsean  period,  the  ore-bearing  rock  of  On- 
tario, 295. 

Huronian  formation :  At  Iron  Moimtain,  Michigan,  617 ;  Contains  graphite,  629  ; 
In  Ontario,  Canada  [295,  300]. 

Hutcliinson  Incline,  Aspen,  Colo.  [194]. 

Hutch-work  in  jigging,  and  its  enricliment,  656. 

Hydraulic  cement  [356]  ;  In  Ontario,  Canada  [294,  298,  300]. 

Hydrocarbons  (liquid),  value  as  fuel,  99. 

Hydrogen:  Specific  heat  of  [100]  ;  Value  as  fuel,  99  ;  Weight  of  cubic  foot  of  [100]. 

lies,  M.  W.,  analysis  of  silver-ore,  769. 

Iletsk  salt-quarry,  Iletsk,  "Western  Siberia  [111]- 

Illinois,  available  tonnjige  of  the  coal-fields  of,  208. 

Ilmenite  in  the  Black  Hills,  Dakota  [582,  593,  786]. 

Impregnations  of  limestone  at  Aspen,  Colo.,  206. 

Impurities  of  Water  (Hunt  and  Clapp)  [xxvi],  338. 

Independence  silver-mine,  Cochise  County,  Ariz.  [775]. 

Influence  of  columbite  upon  the  tin-assay,  633. 

Inman,  A.  L.,  on  concentration  of  Chateaugay  iron-ores,  731. ' 

Insulation  of  electric  currents,  Ferranti  system  [561]. 

Interstitial  channels  formed  in  jigging,  their  influence,  651,  672. 

isochemic  lines,  616,  622;  Relation  to  physical  phenomena  at  the  Ludington 
mine,  627. 

Inspection  of  rails,  240,  244,  245. 

Iron  (see  also  Cast-iron,  Pig-iron,  and  Steel).  In  the  Black  Hills  [571]  ;  At  Muir- 
kirk,  Md.,  460  ;  Silicon-content  of  Ohio  iron,  254  ;  In  Ontario,  Canada,  [294, 
298,  299]  ;  White  :  Analysis  of,  87  ;  Its  action  in  assisting  amalgamation,  777  ; 
Cost  of  making  pig-iron  in  Greenbrier  County,  W.  Va.,  123;  De-phosphor- 
izing,  by  Thomas  process  [86,  92]  ;  Determination  of  phosphorus  in,  100 ; 
Eflfect  of  chlorine  on  at  cherry-red  heat,  35  ;  Production  of  various  coun- 
tries, 715;  Its  several  properties  affected  by  silicon  in  various  ways,  683  et  seq.  ; 
Pig-iron  of  unusual  strength,  460. 

Iron  Hill  silver-lead  mine.  Black  Hills.  Dakota  [584]. 

Iron  King  iron-mine,  Gogebic  Range,  Lake  Superior,  719. 

Iron-mines:  Maryland:  Collins's  Banks  [466];  Diven  [466];  Millbrook  [466]; 
Montieth  [466]  ;  Walker  Bank  [466]  ;  Jefferson,  Tyson  [466]  ;  Prince  George's 
County;  Beltsville,  Yokel's  [465]  ;  Branchville,  Burgess  [466]  ;  Skaggs  [465]  ; 
Contee's,  O'Brien  [465]  ;  Muirkirk  [465]  ;  Michigan  :  Marquette  County  ;  Bar- 
num  [718];  Cambria  [718];  Champion,  717,  729;  Cleveland,  717;  Clifi''s 
Shaft  [718];  Humboldt  [718];  Jackson,  717;  Lake  Angeline,  717  [753]; 
Lake  Superior,  717 ;  Michigamme  [718];  New  York  [718];  Pittsburgh  and 
Lake  Superior  [718];  Republic,  717;  Salisbury  [718];  Winthrop  [718]; 
Michigan  and  Wisconsin:  Gogebic  Range ;  Ashland  [719];  Aurora  [719];  Bes- 
VoL.  XVII. — 53 
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semer  [719]  ;  Colhy,  718;  Germaniu  [719]  ;  Iron  King  [719]  ;  Ironton  [719]  ; 
Kakagnn  [719]  ;  Nimikon  [719]  ;  Norrie,  718  ;  Odanah  [719]  ;  Puritan  [719]  ; 
Sunday  Lake  [719];  Superior   [719];  Menominee  Range;  Chapin,  560.  oG6, 
()19,  718;  Commonwealth  [718];    Dunn  [718];  Florence   [718];  Iron   River 
629,  718]  ;  Lndington,  560,  616  et  seq.,  718;  Mastodon  [718]  ;  Nanaimo  [629] 
Norway,  718;  Paint  River  [629]  ;  Perkins  [718]  ;  Vulcan  [718]  ;  Minnesota 
Vermilion  Range;  Chandler  [719]  ;  3nsiiouri:  Iron  County;  Pilot  Knob  [723] 
St.   Francis  County;    Iron  Mountain  [723,  730];  New  Jersey:   Piatt  [740] 
Morris  County,  Beach  Glen  [739];    Mt.  Hope  [740];    Neiv  York:    Clinton 
County  ;  Arnold  Hill   [747]  ;  Chatcaugay  Ore  and    Iron   Company  [722,  730, 

739,  740,  747];  Bunker  Hill  [747]  ;  Columbia  County  ;  Burden  [748]  ;  Weed 
[748] ;  Dutchess  County ;  Beekmau  [748]  ;  Clove  [748]  ;  Fishkill  [748]  ;  Essex 
County;  Crown  Point  [746]  ;    New  Bed  [721,  739,  740,  744]  ;    Old   Bed  [739, 

740,  744]  ;  Port  Henry  [746,  747]  ;  Jefferson  County ;  Keene  [747]  ;  Shirtliff 
[747]  ;  Orange  County  ;  Greenwood  [746]  ;  Putnam  County,  Brewster's  [746]  ; 
Croft  [746]  ;  Croton  Magnetite  [737,  746]  ;  Poorest  of  Dean  [746]  ;  Mahopac 
[746]  ;  McCoUum  [746]  ;■  Theal  [746]  ;  Tilly  Foster  [746],  758  et  sey.  ;  Todd 
[746]  ;  Rockland  County  ;  wSterling  [746]  ;  St.  Lawrence  County,  Clark  [747]  ; 
Jayville  [747]  ;  Pike  [747]  ;  Polley  [747]  ;  Tate  [747]  ;  Pennsylvania:  Berks 
County;  Jones  [744];  Virginia:  Alleghany  County;  Low  Moor,  103  e<  scg.; 
Siceden:   Dannemora  [603]. 

Iron-mines  of  the  United  States,  consumption  of  timber  in,  267. 

Iron-mining  industry  of  New  York  for  jnist  decade,  745, 

Iron  Mountain,  Michigan,  Lndington  iron-mine,  616. 

Iron  Mountain  iron-mine,  Missouri  [723,  7.30]. 

Iron-ores:  Analyses  (see  Analyses  of  Iron-ores). 

Iron -ores  :  In  Alabama  [91]:  In  Colorado  [724];  In  Georgia  [91] ;  In  Oregon 
[724]  ;  In  Tennessee  [91]  ;  In  Washington  Territory  [724]  ;  Prominent  sources 
of  supply,  715  ;  Extent  of  importations  from  foreign  countries,  1879-1888,  715, 
724,727;  Cost  in  Sequacliee  Valley,  Tennessee,  46;  Determination  of  phos- 
phorus, in,  750 ;  Phosphatic  ores  in  the  Southern  States  [85]  ;  LTse  of  finely- 
divided  ores  in  the  blast-furnace,  731;  Concentration  of  iron-ores,  728;  Sizing 
in  concentration,  7.33 ;  Concentration  with  aid  of  magnetic  separators,  599. 

Iron-ores:  Localities;  Alabama:  Red  Mountain  (fossil),  137,  152;  Ciiilton  County 
(phosphoritic,  luetaraorphic)  [91,93];  Jefferson  County;  Birmingham,  151; 
Talladega  County  (silurian,  brown)  [91,  93]  ;  Maryland:  "Baltimore  Ores" 
(carbonates,  altered  and  unaltered),  464;  Muirkirk  ores,  466  ;  Michigan:  Me- 
nominee County  (blue  hematite),  617,  619;  New  Jersey :  722;  New  York:  Adi- 
rondack and  Lake  Champhvin  region  (magnetite),  721,  728  [745],  746;  Higii- 
lands  of  the  Hudson  (magnetites)  [745],  746;  Hudson  River  (carbonates) 
[745],  748;  Clinton  County  (fossil  ores)  [745],  748;  Columbia  County  (limo- 
nite)  [745],  748  ;  Dutchess  County  (iimonite)  [745],  748  ;  Wassaic,  472  ;  p]ssex 
County;  Mineville  (magnetite),  750 ;  Jeflerson  County  (red  hematite)  [745], 
747  ;  Putnam  County  (magnetite),  737  ;  Richmond  County  ;  Staten  Island  (Iimo- 
nite) [745],  749;  St.  Lawrence  County  (red  hematite)  [745],  747;  Wayne 
County  (fossil  ores)  [745],  748;  Pennsylvania:  Cornwall  ore-banks,  720;  West 
Virginia:  Greenbrier  County;  Glenmore  (red  fossil),  115,  119. 

Iron  i)ig-patterns,  427. 

Iron-pyrites  in  Black  Hills,  Dakota  [498]. 

Iron  River  irou-niine,  Menominee  Range,  Lake  Superior  [629,  718]. 
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Tronton  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 

Iron-works  (see  also  Blast-furnaces) :  United  .States:  Alabama:  Jefferson  County; 
Birmingham,  Pioneer  Mining  and  Manufacturing  C'ompany  [143] ;  Sloss  Iron 
and  Steel  Company,  211,  212;  North  Birmingham,  Sloss  Iron  and  Steel  Com- 
pany, 61 ;  Woodward  [141];  Ufari/land :  Baltimore,  Stickney,  471;  Massacku- 
setts:  South  Boston  [460]  ;  New  Yi,r/c:  Oneida  County;  Franklin  [748]  ;  Kirk- 
land  [748]  :  Penm^ylvania :  Allegheny  County ;  Pittsburgh,  Cai-bon  Iron  Company, 
678:  Bucks  County ;  Durham  [102]  ;  Cambria  County;  Johnstown,  Cambria, 
227;  Montgomery  County ;  Pottstown,  Warwick  [124];  Virginia:  Alleghany 
County  ;  Longdate  [124]  ;  Low  Moor  [123, 124, 129, 130].  Other  Countries  : 
Germany:  Aachen,  Eotlie  p]rde  [93]  ;  Rnhrort,  Rhein  Steel  Works  [93]  ;  Lor- 
raine: Hayingen,  Fois  de  Wendel  and  Company  [93]. 

Irving,  R.  D.,  on  the  origin  of  the  iron-ore  beds  of  Menominee  County,  Mich.,  629. 

Isabella  furnace,  Pittsburgh,  Pa.  [150]. 

Jackson,  Prof.  Wendell,  microscopical  examination  of  porphyry  of  Aspen  Moun- 
tain, Colorado,  168. 

Jackson  coal-mine,  Sullivan  County,  Pa.  [615]. 

Jackson  iron-mine,  Marquette  County,  Mich.,  717. 

Jacobus,  D.  S.,  Water-Oas  as  a  Steam-Boiler  Fuel  [xxvi.],  300. 

Jacobus,  D.  S.,  and  Dentox,  J.  E.,  The  Efficiency  of  a  Steam-Boiler  Using  the  Waste- 
Gas  of  a  Blast-Furnace  as  Fuel  [xxii],  50. 

Jagger  coal-bed,  Alabama,  221. 

Jamme,  George,  remarks  in  discussion  of  Mr.  Gordon's  paper  on  Large  Furnaces  on 
Alabama  Material,  141. 

Jasper,  its  influence  on  the  phosphorus-content  of  ore  in  Ludington  mine,  625,  627. 

Jayville  iron-mines,  St.  Lawrence  County,  N.  Y.  [747]. 

Jebel-Melah  salt-mine,  Jebel-Melah,  Algeria  [110]. 

Jefferson  coal-mine,  Alabama  [214]. 

Jefferson  County,  Ala. :  Coal-mines  of,  210  et  seq.  ;  Product  of  coal  in  1887,  207, 
210  el  seq. 

Jefferson  County,  N.  Y.,  iron  district  [745],  747. 

Jenney  on  structure  of  tin-bearing  veins  of  the  Black  Hills,  Dakota  [590]. 

Jesse  silver-mine,  Aspen,  Colo.  [170]. 

Jigging,  English  system  versus  the  Continental,  637. 

Jigging:  Theory  of,  638;  Effect  of  varying  the  velocity  of  the  rising  current  of 
water,  647;  Advantages  and  disadvantages  of  English  method,  655,  656;  In 
Lake  Superior  copper-mills,  637,  640,  670;  In  St.  Joseph  Lead  Company's 
dressing-works,  637,  654,  661 ,  669. 

Jigs;  Hartz  jig,  662,  674;  Parsons  jig,  661,  662,  669. 

Jig-sieves,  the  effect  of  size  of  mesh  on  the  jigging  process,  652,  658. 

Jones,  Clemens,  A  Rapid  Method  for  the  Beduclion  of  Ferric  Sulphate  in  Volumetric 
Analysis  [xlii],  411 ;  Discussion  of  paper,  757. 

Jones  iron-mine,  Berks  County,  Pa.  [744]. 

Jurassic  formation :  At  Aspen,  Colo.  [157]  ;  In  the  Black  Hills  [571]  ;  In  Maryland 
[464]  ;  In  Honduras,  C.  A.  [438] . 

Jura-trias  formation  in  northwestern  Colorado  [376]. 

Kakagon  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 
Kanawha  salt-wells,  Kanawha,  W.  V'a.  [110]. 
Kansas,  nickel-ore  of  Russell  Springs,  636. 
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Kansas  City  Coal  and  Coke  Company,  Alabama  [220]. 

Kebler,  E.  A.,  analysis  of  iron,  700. 

Keene  iron-mine,  .Jefferson  Connty,  N.  Y.  [747]. 

Keep,  W.  J.,  on  tlie  influence  of  aliuninum  on  cast-iron  [473]. 

Keep,  W.  J.,  Fleming,  H.  S.,  and  Orton,  Edward,  Jr.  :  Silicon  in  Cast-Iron  [xlii], 

683;  Methods  of  testing  tlie  influence  of  silicon  upon  iron,  686. 
Keep,  W.  J.,  and  Okton,  Edward,  Jr.,  FeiTo-Silicon,  and  tJie  Economy  of  lis  Use 

[xxvi],  253. 
"  Keep's  Tests"  [257,  474,  686]. 

Kentucky:  Iron  from  lean  ores  used  as  "softeners,"  254;  Tar-springs  [358]. 
Kiddie  on  use  of  platinum  ware  in  electrolytic  assays  [410]. 
King  et  ul,  versus  tlie  Amy  and  Silversmith  Mining  Company,  features  of  case,  787 

et  seq. 
Kirkland  blast-furnace,  Oneida  County,  N.  Y.  [748]. 
Knoxville  silver-mine,  Cochise  County,  Ariz.,  767  ct  seq. 
Koch  on  bacillus  in  water,  346. 
Koepe  system  of  winding  from  shafts,  429. 
Kraut  on  volatility  of  gold  [3,  7]. 

Kunhardt  and  Maynard  on  iron-ore  concentration  at  Lyon  Mountain  [732,734], 
Kiistel  on  loss  of  gold  by  volatilization,  5,  9. 

Labor,  cost  of,  in  Sequachee  Valley,  Tenn.,  49. 

Labor  and  wages  in  the  Black  Hills,  532. 

Laccolites  in  the  Black  Hills  [571,  572]. 

Lackawanna  Iron  and  Coal  Company,  Scranton,  Pa.  [606,  731,  732]. 

Lake  Angeline  iron-mine,  Marquette  County,  Mich.,  717  [753]. 

Lake  Champlain  iron  region,  N.  Y.  [745],  746;  Mines,  721  ;  Ores,  721,  722,  725, 

727. 
Lake  Erie,  pre-glacial  valley  of,  322  etseq. 
Lake  Superior  Iron-Eegion,716,  717,  725,  727. 
Lake  Superior  iron-mine,  Marquette  County,  Mich.,  717. 
Lakes,  Prof.,  on  the  geology  of  Asi)en  mining  region,  165  etseq.,  204. 
Lancaster  County,  S.  C,  Haile  gold-mine  [314]. 
Landis,  H  K  ,  analysis  of  Croton  iron-ore,  737,  744. 
Large  Furnaces  on  Alabama  Material  (Gordon)  [xix,  xxvii],  135. 
La  Salle  silver-mine  and  claim,  x\spen,  Colo.  [170,  173,  175]. 
Las  Minas  gold-mine.  State  of  Vera  Cruz,  Mexico  [10]. 
Last  Scheme  silver-mine,  Aspen,  Pitkin  County,Colo.  [167]. 
Late  Acquisition  silver-mine,  Aspen,  Colo.  [178]. 
Laurentian  formation  in  Ontario,  Canada  [294,  295]. 
Lawrence  County,  Dakota,  stamp-mills,  498. 
Lawver  and  Fristol,  analysis  of  gilsonite,  114. 
Leaching  theory  of  formation  of  ore-deposits  [445,  448]. 
Lead-silver  ores  in  the  Black  Hills,  582. 
Lead  in  Ontario,  Canada  [294]. 
Lead  dressing-works,  Missouri,  564. 
Lead,  eflect  of  chlorine  on,  at  cherry-red  heat,  36. 
Lead-poisoning  caused  by  small  quantities  of  lead  in  water,  346. 
Leadville  ore-deposits  and  Black  Hill  deposits  compared,  586. 
Lead-works:  Missouri:  St.  Frauyois  County  ;  Bonne-Terre,  St.  Joseph,  637. 
Le  Conle,  Joseph,  on  deposition  of  ore  by  leaching  from  walls  [445]. 
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Leggett,  Thomas  H.,  Notes  on  the  Rosario  Mine  at  Snn  Juancito,  Honduras,  0.  A., 
[xxvi],  432. 

Le^raiifl  on  boiling  point  of  saline  snliitions  [453,  note]. 

Lexington  mill  (lixiviating),  Butte,  Mont.  [11]. 

Life- History  of  Niagara  (Pohlman)  [xxv],  322. 

Lignite:  In  Ontario,  Canada  [294]  ;  Tn  Northwestern  Colorado  [377]  ;  On  Petite 
Anse  Island  [107]. 

Limestone:  Colorado:  Aspen  Mountain,  163,  174,  178  et  seq. ;  In  Greenbrier 
County,  W.  Va.,  118,  120  ;  In  Ontario,  Canada,  294,  298  ;  Analyses,  153,  774, 

Limonite  :  In  New  York  [745],  748  [749]  ;  At  Eosario  mine,  Honduras  [442]  (see 
also  Hematite,  brown). 

Lindley,  Douglas,  experiments  inoxidizing-roasting  of  Murchie  pyrite,  6. 

Lithium  associated  with  tin  in  the  Black  Hills  [593]. 

Lithographic-stone  in  Ontario,  Canada  [294] 

Little  Giant  silver-mine,  Aspen,  Colo.  [170,  171,  175,  179]. 

Little  River  iron-mine,  St.. Lawrence  County,  N.  Y.  [740,  747]. 

Lixiviation- works  (see  also  Chlorination-works,  Concentration-works,  Gold-mills, 
Reduction-works,  Smelting-works,  and  Stamp-mills).  Montana:  Butte,  Lex- 
ington [11]. 

Llewellyn,  N.  J.,  Session  at  the  Edison  Laboratory,  xxxi. 

Locke,  J.  M.,  on  gilsonite  [113]. 

Logan  County,  Kansas,  nickel  ore,  636. 

Long  Island,  magnetic  sands  [735,  737-]. 

Longdale,  Va. :  Method  of  mining  ore-body  [103]  ;  Longdale  iron-works  [124]. 

Longfellow  silver  mine,  Cochise  County,  Ariz.  [775]. 

Lord,  Prof.  N.  W.,  analysis  of  ferro-silicon,  255. 

Loss  in  jigging  at  Bonne-Terre,  Mo.,  and  at  Lake  Superior,  676. 

Loss  of  gold  in  chloridizing-roasting,  10,  12,  13,  43,  44;  Effect  of  time  on  losses  in 
chloridizing-roasting,  15,  16,  17;  Effect  of  rapid  evolution  of  chlorine,  17; 
Effect  of  temperature  on,  18  et  seq. 

Loss  of  mercury  in  the  Black  Hills  stamp-mills,  530. 

Losses  in  Boasting  Gold- Ores  and  the  Volatility  of  Gold  (Christy)  [xxii],  3. 

Losses  in  roasting  gold-ores,  conditions  for  reducing  to  a  minimum,  42. 

Louisiana,  manufacture  and  consumption  of  phosphoric  acid  fertilizer,  85. 

Low,  A.  H.,  analysis  of  silver-ore,  769. 

Lower  Geyser  Basin,  Yellowstone  Park,  547,  549,  554. 

Low  Moor,  Alleghany  County,  Va;.:  Iron-mine,  103  et  seq.;  Mining  in  soft  ore- 
body,  103;  Furnaces,  flue-dust,  129  et  seq. 

Low  Moor  iron-works.  Low  Moor,  Va.  [123,  124,  129,  130]. 

Loyalsock-Mahoopany  coal-fields,  Pa.  [607]. 

Luck  Now  silver-mine,  Cochise  County,  Ariz.  [775], 

Luck  Sure  silver-mine,  Cochise  County,  Ariz.  [767,  774,  775]. 

Lucky  Cuss  silver-mine,  Cochise  County,  Ariz.  [767,  774,  775]. 

Lucy  furnace,  Pittsburgh,  Pa.  [150]. 

Ludington  iron-mine,  Iron  Mountain,  Midi.,  560,  616  etseg.,  718. 

Ludington  iron-ore  deposit :  Its  physical  features,  619  etseq.;  Theory  of  its  forma- 
tion, 627. 

Lumberman's  Mining  Company,  Iron  Mountain,  Mich.  [616]. 

Lupton,  N.  T.,  analyses  of  Alabama  coals,  213. 

Lyell  on  geology  of  Niagara  Frills  [324,  333]. 

Lykens  Valley  coal-bed,  Pennsylvania,  609,  611  note. 

Lyon  Mountain,  iron-ore  concentration  at  [732,  743]. 
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Mabel  Mining  Company,  AlaljMiiia  [213]. 

Mabery  on  tlie  inlhionce  of  ahnuinnin  on  casf-iron,  473. 

Mackintosh  on  nse  of  sulpliuric  acid  in  electrolytic  assay  of  copper  [408]. 

Magnesian  limestone  (see  also  Dolomite) :  At  Bonne-Terre,  Mo.,  661. 

Magnetic  ore-separators,  599,  735  ct  scq. 

Magnetite  :  Its  composition  and  properties,  736;  In  Lake  Snperior  iron-region  [720, 

721];  In   Eastern   New  York  [724];  In  Highlands  of  Hudson   River,  745  et 

seq. ;  In  Adirondack  region,  745;  In  New  Jersey  [722];  In  Ontario,  Canada 

[294]. 
Mahlet  on  Koepe  system  of  winding  [432]. 
Mahopac  iron-mine,  Putnam  County,  N.  Y.  [74G]. 
Malachite:  In  the  Black  Hills  [581]  ;   At  Copper  Basin,  Arizona,  [479  et  seq."];  In 

Ontario,  Canada  [294]  ;  At  Rosario  mine,  Honduras  [442]. 
Malo,  Leon  :  On  asphalt,  356,  358  ;  Nomenclature  of  asphalt  and  bitumen,  373,  374. 
Maltman  chlorination-works,  Nevada  City,  Cal.  [42]. 
Maltzan  on  phosphate-slag  [89]. 
Mammoth  coal-bed,  Pottsville,  Pa.,  thickness  of,  208. 
Mammoth  silver-mine,  Cochise  County,  Ariz.  [774]. 
Manby,  C.  B.,  analysis  of  Greenbrier  iron-ore,  120. 
Manganese:  In  foreign  ferro-silicon  [256]  ;  In  steel  rails  [783]. 
Manganese-ores:  Arizona:  Tombstone  district,  767. 
Manganese  oxides,  tiieir  influence  on  amalgamation,  776. 
Manganite  at  Rosario  mine,  Honduras  [442]. 
Manometer,  water,  construction  and  use  of,  66  et  seq. 

Mansfield,  G.  W.,  on  the  electric  motor  in  mining  operations,  555,  556,  557. 
Marble  in  Ontario,  Canada  [294  et  se</.] 
Marcet  on  phenomena  of  superheated  waters  [551]. 
Margaret  tin-vein,  Black  Hills  [590]. 
Marguerite's  method  for  reduction  of  ferric  sulphate  in  volumetric  analysis,  411, 

412. 
Marl  in  Ontario,  Canada  [294]. 

Marquette  iron-range,  Michigan:  Mines  of,  717,  718  ;  Product,  716,  717,  725,727. 
Marsh  gas:  Value  as  fuel,  99  ;  Weigiit  of  cubic  foot  of  [100]. 
Mary  Murpliy  silver-mine.  Saint  Elmo,  Chaffee XJounty,  Colo.  [159]. 
Mary  Pratt  furnace,  Birmingham,  Ala.  [152,  153]. 
Martite,  feebly  magnetic  [736]. 
Mastic  asphalt,  361,  366,  373. 

Mastodon  bones  found  near  Petite  Anse  Island  [107]. 
Mastodon  iron-mine,  Menominee  range.  Lake  Superior  [718]. 
Mathez,   Auguste,  remarks  in    discussion  of   Mr.  Hofman's  paper  on   Gold-Mill- 

inrj  in  the  Black  Hills,  541. 
Mattes,  C.  C,  system  of  measuring  open-pit,  765.  • 

Mauch  Chunk  formation  in  Bernice  coal-basin,  607. 

Maynard  and  Kunhardt  on  iron-ore  concentration  at  Lyon  Mountain  [732,  734]. 
Maynard,  G.  \V.,  on  deposition  of  copper  on  organic  remains  in  the  Urals  [483]. 
McCalley,  Henry,  estimate  of  area  of  Alabama  coal-fields,  207. 
McCann  silver-mine,  Cochise  County,  Ariz.  [775]. 
McCollum  iron-mine,  Putnam  County,  N.  Y.  [746]. 
McCreath,  Andrew,  analysis  of  Bernice  anthracite,  610,  615. 
McDowKLL,  F.  H.,  The  Reopening  of  the  Tilly  Foster  Iron-Mine  [xliii],  758. 
McFarlatid  &  Bertenshaw  bumping-lables  [541]. 
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McMillin,  Eraerson,  analysis  of  water-gas,  301. 

Means,  Ellison  C,  The  Flue- Dust  of  the  Furnaces  at  Low  Moor,  Virginia  [xxvi], 

129. 
Mears's  chlorination  process,  315. 
Medina  formation:  New  York:  Near  Buffalo,  398  et  seq. ;  Near  Niagara  [327,  328, 

331,  332]  ;    West  Virginia:  Greenbrier  County  [117,  118]. 
Meetings  of  the  Institute  from  1871  to  1889,  x;  At  Birmingham,  Ala.,  May,  1888, 

Proceedings,  xix;  At  Buffalo,  N.  Y.,  October,  1888,   Proceedings,  xxiv;  At 

New.  York,  N.  Y.,  February,  1889,  Proceedings,  xxxi. 
Members  and  associates  elected:    At  Birmingliam,  xx ;    At    Buffalo,   xxvii ;    At 

New  York,  xxxix. 
Menaccanite,  feebly  magnetic  [736]. 
Menominee  County,  Mich.,  and  its  iron-ores,  619  et  seq. 

Menominee  iron-range,  Michigan :  Iron-mines,  718 ;  Product,  716,  717,  725,  727. 
Mercury  forced  into  contact  with  gold  [315]. 

Mercury-traps  in  use  in  the  Black  Hills  stamp-mills  [526,  527,  538]. 
Merrifield  mine,  Nevada  City,  Cal.,  chlorination  works  [-12]. 
Merrill,  F.  J.  H.,  on  the  rhyolite  at  the  Rosario  mine,  Honduras  [438]. 
Merritt,  William  Hamilton,  The  Minerals  of  Ontario  and  Their  Development 

[xxvi],  293. 
Mesozoic  formations  in  the  Black  Hills  [572]. 
Metasomasis  of  limestone  at  Aspen,  Colo.,  204. 
Metallic  poisons  in  potable  waters,  345. 
Metallurgical  treatment  of  Black  Hills  gold-ores,  588. 
Metals  in  water,  simple  test  for,  346. 
Metcalf,  William,  on  steel  [237]. 
Methods  of  lead-mining  at  Bonne-Terre,  Mo.,  661. 
Methods  of  mining  in  soft  ore-bodies,  103. 
Methods  of  mining  in  the  Black  Hills,  576. 
Mexico  :  Glance-pitch,  359  ;  Bituminous  limestones,  362. 
Mica  in  Ontario,  Canada  [294,  298]. 
Mica-schist  in  Black  Hills,  Dakota  [498]. 
Michigamme  iron-mine,  Marquette  County,  Midi.  [718]. 
Michigan  iron-mines,  716,  717,  718,  719. 
Microscopic  examination  of  water,  347. 

Middlesbrough  blast-furnace  and  steel  works,  England  [86,  143,  149]. 
Midland  blast-furnace,  Crawford  County,  Mo.  [756]. 
Millinee  silver-mine,  Aspen,  Colo.  [170]. 
Milling:  Gold-milling  in  the  Black  Hills,  Dakota,  498. 

Miller:  Chlorination  process  [7]  ;  Process  for  refining  alloys  of  gold,  30  etaeq. 
Milner  Coal,  Iron,  and  Railroad  Company,  New  Castle,  Ala.,  153. 
Mineral  oil  [357]. 
Mineral  pitch  [357]. 

Mineral  production  of  Ontario,  Canada,  298. 
Mineral  waters,  general  composition  of,  349. 

Minerals  of  Ontario  and  Their  Developmeit  (Merritt)  [xxvi],  293. 
Mines,  abandoneti,  cultivation  of  mushrooms  in,  248. 
Mines  of  Aspen  Mountain,  Colorado,  156. 
Mine-timbering:  Best  woods  for,  269;  Consumption  of  wood  in,  265  et  seq.;  Time 

for  felling  timber,  270. 
Mineville  iron-mines,  Essex  County,  N.  Y.  [722]. 
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Mining  huhtsinj  in  lis  Relation  to  Forestry  (Fkrnow)  [xxv],  264. 

Mining  in  Soft  Ore-Bodies  at  Low  Moor  (IIuxgerfuud)  [xxii],  103. 

Mining  at  Petite  Anse  Island,  107  etseq. 

Mining  law,  end-lines  and  side-lines,  787  etseq. 

Minnesota  Iron  Company  [719]. 

Minnesota:  Iron-mines  of  Vermilion  district,  719;  Product,  716,  717. 

Miocene  formation  in  the  Black  Hills  [571]. 

Mispickel  in  Ontario.  Canada  [294,  298]. 

Mississi[)j)i,  manufacture  and  consumption  of  i)hosplioric  acid  fertilizer,  85. 

Missouri;  Iron-mines,  723;  Iron-ore  product,  723,  725,  727. 

Missouri  Boy  silver-mine,  Aspen,  Colo.  [178]. 

MoflTat,  E.  S.,  on  use  of  fine  ore  in  blast-furnaces,  731,  732. 

Monarch  geyser,  Yellowstone  Park,  550. 

Monarch  magnetic  ore-separator,  740. 

Monarch  silver-mine.  Aspen,  Colo.  [178]. 

Mont  Alto,  Pa.,  magnetic  concentration  of  iron-ores  at  [743]. 

Montana,  manganese-oi-es  at  Butte,  774. 

Moore,  G.  E.,  analysis  of  water-gas,  300. 

^loreau,  G.,  composition  of  Teplitz  and  Witkowitz  phosphate-slag,  87,  93.  ' 

Morris  iron-mines,  Red  Mountain,  Alabama,  visit  to  [xxii]. 

Morrow's  mines,  Jefferson  County,  Ala.,  coal-mines  at,  210. 

Mortars  in  stamp-batteries,  Black  Hills.  515  et  seq. 

Mosquito  Range,  Leadville,  Colo.,  geology  of,  167. 

Moulton  silver-mill,  Butte,  Mon.  [776,  777]. 

Mount  Massive,  Sawatch  Range,  Colorado  [161]. 

Mt.  Carbon  Coal  Company's  coal  transfer,  454. 

Mt.  Hope  iron-mines,  Morris  County,  N.  J.  [740]. 

Muhlenberg  and  Drown  on  method  for  deteimination  of  phosphorus  in  iron  and 
steel  [102]. 

Muirkirk  blast-furnace,  Prince  George's  County,  Md.,  460;  Record  of,  468. 

Munro  on  phosphate-slag  [89]. 

MmoiOE,  H.  S. :  Automatic  Bumping- Cradles  for  Mine-Cars  [xlii],  564;  English 
versus  the  Continental  System  of  Jigging — Is  Close  Sizing  Advantageousf  [xlii], 
637  ;  New  Dressing- Works  of  the  St.  Joseph  Lead  Company,  at  Bonne-Terre,  Mis- 
souri [xxvii],  659. 

Murchie  gold  and  silver-mine,  Nevada  County,  Cal.,  [3]  [6]  [14] ;  Oxidizing- 
roasting  of  pyrite  from,  6. 

Murchison  on  the  deposition  of  copper  on  organic  remains  in  the  Urals  [483]. 

Murphree's  Valley,  Alabama,  coal  and  iron-fields  of  [225]. 

Mushrooms  cultivated  in  abandoned  mines,  248. 

Mylert  coal-mine,  Sullivan  County,  Pa.  [615]. 

Nails  from  Tin-Scrap  (Smith)  [xliii],  495. 

Nanaimo  iron-mine,  Menominee  Range,  Lake  Superior  [629]. 

Nanticoke,  Pa.,  gas  explosion,  419. 

Natural  gas;  At  Getzville,  N.  Y.,  403;  At  Tonawanda,  N.  Y.,  403;  At  Port  Col- 
borne,  Ontario,  401,  402. 

Natural  gas:  p]xplorations  along  Niagara  River,  398,  402;  As  blast-furnace  fuel 
[97]. 

Xava.ssa  rock,  phosphoric  acid  in,  87. 

Negaunee,  Mich.,  iron-ore  concentration-works  at  [728]. 
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Nepigon  formation  in  Ontario,  Canada  [295]. 

"Nessler"  process  for  determining  strength  of  dilute  solutions  of  ammonia,  345. 

New  Bed  iron-mine,  Essex  County,  N.  Y.  [721,  739,  740,  743]. 

Newberry,  Prof.  J.  S. :  On  fossil  cycads  in  Honduras,  435;  On  geology  of  Niagara 

Falls  [322,  325]. 
New  Castle,  Jefferson  County,  Ala.,  coal-mines  at,  153,  209,  210,  215  [223]. 
New  Castle  coke,  analyses  of,  154. 
Neiv  Dressing-Works  of  the   St.   Joseph   Lead  Company,  at  Bonne-Terre,  Missouri 

(Munroe)  [xxvii],  659. 
New  Jersey  :  Iron-mines,  722  ;  Product  of  iron-ore,  722,  725,  727. 
Newport  blast-furnace,  Newport,  England  [756]. 
New  River  coals,  Greenbrier  County,  W.  Va.  [119.  121],  122. 
New  Shaft  coal-mine,  Jefferson  County,  Ala.  [214]. 

Neiv  System  for  Operating  Regenerative  Hot-Blast  Stoves  (Wainwright)  [xlii],  680. 
Newton  on  structure  of  tin-bearing  veins  of  Black  Hills,  Dakota  [590]. 
New  York :  Iron-mining  industry  for  past  decade,  745 ;  Product  of  iron-ore,  721, 

725,  727. 
New  York  iron-mine,  Marquette  County,  Mich.  [718]. 
New  York,  N.  Y. :  Meeting,  February,  1889,  proceedings,  xxxi. 
New  Zealand  ;  Magnetic  sea-sands  [737] ;   Stamp-mill,  driven  by  electricity,  556, 

557. 
Niagara  Falls  :  Life-history,  322  ;  Future  of,  336  ;  Never  at  Lewiston,  330  et  seq.  ; 

Rate  of  recession,  333. 
Niagara  formation  :   Near  Buffalo,  398  et  seq.  ;    Near  Niagara  Falls  [325,  327,  328, 

331,  335]. 
Niagara  River  and  geology  of  region  adjacent,  398. 
Nichols,  E.,  analysis  of  coal,  217. 
Nickel:   Dakota:  Black  Hills,  582;   Kansas:  Logan  County,  Russell  Springs,  636 ; 

Analysis,  637;  In  Ontario,  Canada  [294,  295,  298]. 
Nimikon  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 
Nitrates  and  nitrites  in  impure  water,  345. 

Nitrogen:  Weight  of  cubic  foot  of  [100];  Specific  heat  of  [100]. 
Nolan  et  al.  versus  the  Colorado  Central  Mining  Company,  features  of  the  case,  796 

et  seq. 
Norrie  iron-mine,  Gogebic  Range,  Lake  Superior,  718. 
Norris  Geyser  Basin,  Yellowstone  Park,  547,  550,  554. 
North  Birmingham    (see  also  Birmingham);  Blast-furnaces,  61;   Visit  to  [xxii] ; 

Dolomite,  61,  63. 
North  Carolina:  Auriferous  sulphides,  313 ;  Pyrites,  assay  value  [314];  Gold  pro- 
duct, 314;  Manufacture  and  consumption  of  phosphoric  acid  fertilizer,  85. 
North  Carolina  rock,  phosphoric  acid  in,  87. 

North  Chicago  blast-furnace,  Chicago,  111.  [7-56] ;  Rolling-mill  [227]. 
Northeastern  Steel  Company,  Middlesbrough,  England  [86]. 
North  Lonsdale  blast-furnace,  Lancashire,  England  [756]. 
Northwestern  Coloraflo  Coal-Region  (Hewett)  [xxvi],  375. 
Norway  iron-mine,  Menominee  County,  Mich.  [718]. 
Note  on  Arsenic  Determination  (Caxby)  [xxi],  77. 
Note  on  Cast-Steel  Water  Jackets  (Terhune)  [xxvi],  131. 
Note  on  the  Influence  of  Columbite  upon  the  Tin-Assay  (Carpenter  and  Headden) 

[xlii],  633  ;  Discussion  by  Wm.  P.  Blake,  785. 
Note  on  the  Koepe  System  of  Winding  from  Shafts  (Harden)  [xlii],  429. 
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Note  on  th\Nickel-Oir  of  Russell  Springs,  Logan  County,  Kansas  (Dewey)  [xxvii], 

636.      ^ 
Note  on  a  Specimen  of  Oilsonite  from  Uintah  County,  Utah  (Raymond)  [xxvi],  113. 
Note  on  the  Use  of  Crude  Petroleum  as  Fuel  for  Raising  Steam  at  the  South  Chicago 

Works  (Potter)  [xxxii],  807. 
Note  upon  a  Modification  of  the  Redttcing  Process  Used  by  the  Carbon  Iron  Company 

(Hunt)  [xliii],  678. 
Note  upon  Some  Results  of  the  Storage  of  Water  in  Arizona  (Blake)  [xliii],  476. 
Notes  on  the   Bernice  Anthracite   Coal-Basin,  Sullivan   County,  Pennsylvania  (Clag- 

horn)  Txlii].  606. 
Notes  on  the  Electrolytic  Assay  of  Copper  (Glenn)  [xlii],  406. 
Notes  on  the  Geology  and  on  Some  of  the  Mines  of  Aspen  Mountain,  Pitkin  County i 

Colorado  (Henrich)  [xxii],  156. 
Notes  on  the  Iron-Ores,  Fuels,  and  Improved  Blast-Furnace  Practice  of  the  Birmingham 

District  (Brainerd)  [xxii],  151. 
Notes  on  the  Roasting  of  the  Hudson  River  Carbonates  (Olmsted)  [xxvi],  275. 
Notes  on  the  Rosario  Mine  at  San  Juancito,  Honduras,  Central  America  (LfiaGETT) 

[xxvi],  432. 

O'Brien  Coal  Company,  Alabama  [218]. 

Occidental  tin-mine,  Black  Hills,  Dakota  [595]. 

Occurrence  and  Treatment  of  the  Argentiferous  Manganese- Ores  of  Tombstone  District, 
Arizona  (Goodale)  [xliii],  767. 

Ocotillo  gold-mine,  Sau  Juancito,  Honduras,  C.  A.  [447]. 

Odanali  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 

Odor  and  color  of  water,  terms  describing,  340. 

Officers  of  the  Institute;  Elected  February,  1889,  xxxiii ;  For  the  year  1888-89,  ix. 

Ohio;  Available  tonnage  of  the  coal-fields,  208;  Iron-ore  product,  724,  725; 
Iron  from  lean  ores  used  as  "  softeners,"  254 ;  Silicon-content  of  Ohio  iron,  254 ; 
Silicon-irons,  258. 

Oil  as  a  Metallurgical  Fuel  (Felton)  [xxxii],  809. 

Oil  versus  coal  in  the  puddling-furnace,  808. 

Old  Abe  shaft,  Homestake  gold-mine,  Black  Hills,  Dakota  [576]. 

Old  Bed  iron-mine,  Essex  County,  N.  Y.  [739,  740,  743,  744]. 

Old  Faithful  geyser,  Yellowstone  Park,  546,  547. 

Old  Guard  silver-mine,  Cochise  County,  Ariz.  [775]. 

Old  Shaft  coal-mine,  Jefferson  County,  Ala   [214]. 

Olefiant  gas:  Value  as  fuel,  99;  Weight  of  cubic  foot  of  [100]. 

Olmsted,  Ingersoll,  Notes  on  the  Roasting  of  the  Hudson  River  Carbonates  [xxvi], 
275. 

Onondaga  formation :  In  western  New  York  [250,  325,  327,  398]  ;  In  Ontario,  Can- 
ada [299,  300]. 

Onondaga  salt-wells,  Onondaga,  N.  Y.  [110]. 

Ontario:  The  geological  formations  of,  294;  Tiie  minerals  of,  293. 

Oolitic  limestone,  asphalt  [374]. 

Open-hearth  blast-furnace,  with  differential  hot-blast  stove,  132. 

Open-hearth  steel  practice,  improvements  in,  678. 

Ore-DeposiL'i  of  the  Black  Hilts  of  Dakota  (Carpenter)  [xlii],  570. 

Ore-feeders  in  use  in  the  Black  Hills  stamp-mills,  512. 

Ore-separator,  Wenstrc3m  magnetic,  599. 

Ores  of  the  Black  Hills:  Gold,  498;  The  mode  of  tlieir  formation,  573,  574. 
Ores  of  Gilpin  County,  Colorado  [541]. 
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Orford  Copper  Company,  New  York  [408,  410]. 

Organic  remains,  on  which  copper  has  been  deposited  [483]. 

Oriskany  sandstone:  In  Greenbrier  County,  W.  Va.  [117],  118,  120  ;  The  great  ore- 
bearing  formation  of  Virginia,  119. 

Oro  Fino  gold-mine,  Bhick  Hills  [586,  587]. 

Orton,  analyses  of  ferro-silicon  and  pig-iron,  255. 

Orton,  Edward,  Jr.,  Keep,  W.  J.,  and  Fleming,  H.  S.,  Silicon  in  Cast-iron  [xlii], 
683. 

Orton,  Edward,  Jr.,  and  Keep,  W.  J.,  Ferro-Silicon,  and  the  Economy  of  Its  Use 
[xxvi],  253. 

Osmic  acid  used  in  examination  of  impure  waters  [347]. 

Otto  on  phosphate-slag  [89]. 

Ouled  Kebbah  salt-mine,  Ouled  Kebbah,  Algeria  [110]. 

Owl's  Last  Hoot  silver-mine,  Cochise  County,  Ariz.  [775]. 

Owl's  Nest  silver-mine,  Cochise  County,  Ariz.  [775]. 

Oxidizing  mufHe-roasts,  losses  of  silver  by  volatilization  in,  6. 

Oxygen,  weight  of  cubic  foot  of  [100]. 

Oyster  shells:   Analysis  of,  471 ;  Used  at  Muirkirk  Furnace,  Md.,  as  a  flux,  467. 

t 
Page,  W.  N.,  Coal  Transfer  of  the  Mt.  Carbon  Company,  Limited,  [xlii],  454;   The 

Qlenmore  Iron  Estate,  Gh'eenbrier  County,  West  Virginia  [xxv],  115. 

Paint  River  iron-mine,  Menominee  Range,  Lake  Superior  [629]. 

Palaeozoic  formation  :  Aspen,  Colo.  [163,  178,  179,  180] ;  In  the  Black  Hills  [571, 
572,  582] ;  At  Tombstone,  Ariz.  [768]. 

Palmer  Hill  iron-mine,  Clinton  County,  N.  Y.  [747]. 

Parker,  Richard  A.,  on  hand-separation  of  iron-ore  at  the  Champion  mine,  729. 

Parsons  jigs  at  Bonne-Terre,  Mo.,  662. 

Parsons  ore-feeder  at  Bonne-Terre,  Mo.,  669. 

Parsons-Rittinger  Tables,  662,  675. 

"  Parting  Quartzite"  at  Leadville,  Colo.  [164]. 

Patton,  Walker  County,  Ala.,  coal-mines  at,  210,  218,  219. 

Pavements :  Asphalt,  355,  357,  366  et  seq.,  371,  375 ;  Preparation  of,  361  ;  Extent  of 
in  Paris,  362. 

PfiARCE,  Richard  :  Remarks  in  discussion  of  Mr.  Goodale's  paper  on  The  Occur- 
rence and  Treatment  of  the  Argentiferous  Manganese  Ores  of  Tombstone  District, 
Arizona,  774;  Method  of  arsenic  determination,  77 ;  First  discovered  tin  in 
1877,  in  the  Black  Hills,  Dakota,  588. 

Pechin,  E.  C:  Remarks  in  discussion  of  Mr.  Gordon's  paper  on  Large  Furnaces  on 
Alabama  Material,  146;  Resolution  proposed  at  New  York  meeting,  xlii. 

Peclet  on  chimney  draught  [81]. 

Pencost  ferro-silicon,  257,  258,  684 ;  Analysis  of,  255. 

Pennington  County,  Dakota,  gold-ores,  578,  579,  .580. 

Pennsylvania:  Available  tonnage  of  the  coal-fields,  208;  Bernice  coal-basin,  606 ; 
Loyalsock-Mahoopany  coal-field,  607 ;  Western-Northern  anthracite  coal- 
field, 607;  Iron:  Cornwall  ore-banks,  720;  Product,  725,  727. 

Pennsylvania  Steel  Works,  Steelton,  Pa.  [150,  227,  809]. 

Percy,  Prof.  John,  on  gold  and  silver  [5,  7],  31. 

Perkins,  Geo.  H.,  inventor  of  tin-scrap  nail-machine,  496. 

Perkins  iron-mine,  Menominee  Range,  Lake  Superior  [718]. 

Pernolet  on  grains  of  solids  falling  freely  in  water  [640]. 

Petite  Anse  Sall-Mine  (Pomeroy)  [xxii],  107. 


844  INDEX. 

Petrolene[362]. 

Petroleum,  357,  35S;  As  hlast-fiiriiacc  fuel  [97];  As  a  preventive  of  boiler-scale, 
353  ;  Value  as  fuel,  99;  In  Ontario,  Canada,  294,  298,  299;  Used  as  a  fuel  for 
raising  steam,  807,  808. 

Pettek,  W.  H.,  Biographical  Notice  of  Byron  W.  Cheever  [xix]. 

Philadelphia  Scale  and  Testing:  Works,  Pennsylvania  [460]. 

Phillips,  "William  B.  :  The  Chlorinntion  of  Low  Grade  Auriferous  Sidphides  [xxvi], 
313  ;  Phosphate-Slag  [xix],  84  ;  On  cost  of  roasting  gold-ores  at  Pluvnix  mines. 
North  Carolina,  541. 

Phcenix  gold-mines,  Cabarrus  County,  N.  C.  [314,  315,316,317,319,320,321,541]. 

Phcenix  Iron  Company,  Berks  County,  Pa.,  magnetic  concentration  [743]. 

Phosphate  consumption  in  the  United  States  for  fertilizer,  84,  85. 

Phosphate  of  lime  in  Ontario,  Canada  [294,  298,  299]. 

Phosphate-Slag  (Phillips)  [xix],  84. 

Phosphate-slag:  Composition  of,  89;  As  a  fertilizer, 84,  85,87,  89. 

Phosphatic  iron-ores  in  Southern  States  [85]. 

Phosphatic  minerals  in  the  Black  Hills,  Dakota  [592]. 

Phosphoric  acid  :  In  Canadian  apatite,  87;  In  Navassa  rock,  87  ;  In  North  Carolina 
phosphate  rock,  87  ;  In  South  Carolina,  Charleston  rock,  87  ;  In  pig-irons  and 
slags  from  German  works,  92. 

Phosphoric  fertilizers  :  A  new  source  of  supply,  84  et  seq.  ;  Available  phosphoric 
acid  in,  88. 

Phosphorns:  Determination  of,  750  ;  Determination  of,  in  iron  and  steel,  100  ;  Dis- 
tribution of  in  the  Ludington  mine.  Iron  Motmtain,  Michigan,  616  ;  In  the  Lud- 
ington  mine  influenced  by  the  presence  of  jasper,  625,  627;  In  Alabama  iron- 
ores,  91  [153]  ;  In  Georgia  iron-ores,  91  ;  In  Hudson  River  carbonate-ores 
[276]  ;  In  iron-ores  of  Lake  Champlain  region  [721]  ;  In  Michigan  hematite 
[752J  ;  In  New  Jersey  iron-ores  [722]  ;  In  Tennessee  iron-ores,  91 ;  In  Vir- 
ginia iron-ores,  122;  In  iron-ores  of  Ontario,  Canada  [299]  ;  In  ferro-silicon 
[256]  ;  In  pig-iron  from  Birmingham,  Ala.,  96 ;  In  steel  rails  [783]  ;  Amount 
admissible  [425]  ;  Removed  from  iron-ores  by  carbon  dioxide  [629]. 

Phyllite  in  Black  Hills,  Dakota  [498,  574]. 

Pig-iron  (see  also  Iron  and  Cast-iron) :  Analyses,  255,  472,  473;  Converted  to  steel 
by  Henderson  process,  60  et  seq.  ;  Cost  of,  in  Sequachee  Valley,  45  ;  Grading 
of  pig-iron  at  Birmingham,  .\la.,  94  ;  Strength  of,  460  etseq.  [474]. 

Pig-iron  of  Unusual  Strength  (Dewey)  [xxvi],  460. 

Pig-patterns,  427. 

Pike  iron-mine,  St.  Lawrence  Comity,  N.  Y.  [747]. 

Pilot  Knob  iron-mine,  Missouri  [723]. 

Pioneer  blastfurnace,  Birmingham,  Ala.  [225]. 

Pioneer  Iron  Company  [150]. 

Pioneer  Mining  and  Manufacturing  Company,  Birmingham,  Ala.  [143]. 

Pioneer  reduction  works,  Nevada  City,  Cal.  [3]. 

Pioneer  silver-mine,  Aspen,  Colo.  [178]. 

Pitkin  on  electrolytic  assay  of  copper  [407]. 

Pittsburgh  salt-wells,  Pittsburgh,  Pa.  [110]. 

Pittsburgh  Testing  Laboratory  [679]. 

Pittsburgh  and  Lake  Superior  iron-mine,  Marquette  County,  Mich.  [718]. 

Placer-deposits,  Black  Hills,  Dakota,  571. 

Platinum  ware  not  suited  for  use  in  electrolytic  assay  of  copper  [410]. 

Piatt  iron-mine,  New  Jersey  [740]. 
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Piatt,  Franklin,  on  geology  of  Bernice  coal-basin,  607. 
Plattner  process  applied  in  the  Black  Hills,  588. 
Plattner  on  losses  of  gold  and  silver  in  oxidizing-roasting  [4,  7,  9]. 
Plumbago  in  Ontario,  Canada  [294]. 
Pocono  sandstone,  coal  in,  '208. 

PoHLMAN,  Julius  :  Cement  Bock  and  Gijpsam  Deposits  in  Buffalo  [xxvi],  250  ;  The 
Life  History  of  Niagara  [xxv],  322  ;  Address  of  welcome  at  Buffalo  [xxv]  ;  On 
geology  of  Buffalo,  N.  Y.  [401,  404]. 
Poisons,  metallic,  in  potable  waters,  345. 
Polley  iron-mine,  St.  Lawrence  County,  N.  Y.  [747]. 
Polluting  ingredients  in  streams  of  water,  348. 

Polybasite:  At  Aspen,  Colo.  [204]  ;  At  Rosario  mine,  Honduras  [442], 
Poore  system  of  winding  from  siiafts  [430]. 
PoMEROY,  Richard  A.,  The  Petite  Anse  Salt-2Iine  [xxii],  107. 
Pomeroy  salt-wells,  Pomeroy,  Oliio  [110]. 

Porphyry  :  At  Aspen,  Colo.,  175  et  seq.,  205 ;  Microscopical  examination  of,  168, 169  ; 
In  the  Black  Hills  [572,  574,  584,  587];  Affects  the  richness  of  the  auriferous 
deposits,  575;  In  Honduras,  Central  America  [434]. 
Port  Arthur  mining  district,  Ontario,  Canada,  296. 
Port  Henry  iron-mine,  Essex  County,  N.  Y.  [746,  747]. 
Porter,  John  B.,  on  iron-ores  and  coals  of  Alabama,  Georgia,  and  Tennessee  [91, 

92]. 
Porter,  J.  B.  &  Co.,  analysis  of  coal,  217, 
Portland  cement,  analysis  of,  251. 
Potsdam  formation  :  In  the  Black  Hills  [571,572,  575,  581,583]  ;  Ore-bodies  in,  585; 

Carries  gold  and  silver,  586  ;  Does  it  contain  tin?  [589]. 
Potter,  E.  C,  Note  on  the  Use  of  Crude  Petroleum  as  Fuel  for  Baising  Steam  at  the 

South  Chicago  Works  [xxxii],  807. 
Potter,  William  B.,  Some   Thoughts  Belafing  to  the  American  Institute  of  Mining 
Engineers  and  Its  Mission,  485 ;  A  Present  Need  in  the  Engineering  Projession, 
380. 
Pottsville  conglomerate  [607,  609]. 
Pottsville,  Pa.,  thickness  of  coal,  208, 

Pratt  coal-bed,  Jefferson  County,  Ala,,  152,  209,  210,  211  [223], 
Pratt  coke,  Alabama,  142  [150]  ;  Analysis  of,   154;  Compared  with  Connellsville 

coke,  142. 
Pre-glacial  history  of  region  adjacent  to  Niagara  Falls,  322  et  seq. 
Pre-glacial  valley  of  Lake  Erie,  322et  seq.  ;  of  Lake  Ontario  [324], 
Present  Need  in  the  Engineering  Profession  (Potter),  380, 
Present  Status  of  Electrical  Transmission  of  Power  (Rothwell)  [xxv],  555. 
Pribram,  Bohemia,  magnetic  ore-separator  [736]. 
Price,  Thos. :  Experiments  in  purifying  alloys  of  gold  [32]  ;  On  the  Miller  process 

of  refining  gold  [32]. 
Priming  of  water  in  steam-boilers,  cause  and  cure,  351. 

Proceedings  of  Meetings:  Birmingham,  xix  ;  Buffalo,  xxiv;  New  York,  xxxi. 
Producer-gas,  value  as  fuel,  99. 
Product  of  Bernice  anthracite  coal-basin,  614. 
Prominent  Sources  of  Iron-Ore  Supply  (Birkinbine)  [xliii],  715. 
Prompter  silver-mine,  Cochise  County,  Ariz.  [775]. 
Proposed  Bail-Sections  (Hunt)  [xxxii],  778. 
Providence  stamp-mill,  Nevada  City,  Cal,  [504]. 
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Psilomelane  at  Butte,  Mont.  [774]. 

Pterygotns  in  Buffalo  cement-rock,  251. 

Publications  of  tiie  Institute,  xi. 

PiKldling-fiirnace  fuel,  coal  versiis  oil,  808. 

Pumps:   HeaM  &  Cisco's  centrifugal  pump  for  sand  and  water  [668]. 

Puritan  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 

Putnam  County,  N.  Y. :  Iron-ore  concentration,  730;  Tilly  Foster   iron-mine,  758 

et  seq. 
Pyrite:  In  the  Black  Hills,  Dakota  [582]  ;  Loss  in  chloridizing-roasting,  15,  16. 
Pyrolusite:  At  Butte,  Mont.  [774] :  At  Rosario  mine,  Honduras  [442]. 
Pyromorphite  at  Rosario  mine,  Honduras  [442]. 
Pyrrliotite:  In  the  Black  Hills  [574,  581,  582] ;  In  Ontario,  Canada  [294]. 

Quartzite  at  Aspen,  (!olo.  [163]. 
Quaternary  placers  in  tiie  Black  Hills  [571]. 
Quicksilver  (see  Mercury  and  Amalgamation-works). 

Kagland,  St.  Glair  County,  Ala.,  coal-mines  at,  210,  217. 

Rails:  Analyses,  234,  237  ;  Affected  unfavorably  by  hot  rolling,  246  ;  Effect  of  rapid 
rolling  on  structure  [423]  ;  Inspection,  240,  244 ;  Relation  of  chemical  compo- 
sition to  wear,  233,  237  ;  Tests  [235],  239,  244,  247  ;  Wear  affected  by  shape 
of  section,  421  et  seq. 

Eail-Sections  (Delano)  [xxxii],  421. 

Rail-sections,  226  et  seq.,  230,  232  et  seq.,  243.  778  ;  Dudley's  New  York  Central 
section,  783. 

Rails,  steel,  226  et  seq.;  Specifications  for,  238;  Developments  in  steel-rail  manu- 
facture, 226. 

Rainfall  in  northwestern  Colorado,  376. 

Rammelsberg  deposit  and  B  ack  Hills  deposit  compared,  575. 

Rankine  on  the  steam  engine  [80,  81]. 

Rapid  Method  for  the  Reduction  of  Ferric  Sulphate  in  Volumetric  Analysis  (JoNEs) 
[xlii],  411 ;  Discussion  by  J.  K.  Eveleth,  757. 

Rapid  Method  for  the  Determination  of  Phosphorus  in  Certain  Ores  (  VVooDBRIDGE) 
[xliii],  750,  753. 

Rattlesnake  silver-mine,  Cochise  County,  Ariz.    774]. 

Raymond  and  Campbell  hot-blast  stove  [463]. 

Raymond,  R.  W.  :  End-Lines  and.  Side-Lines  in  the  U.  S-  Mining  Law  [xxxi],  787  ; 
Note  on  a  Specimen  of  Gihonite  from  Uintah  County,  Utah[xxvi],  113;  Soaping 
G'e)/se?-s  [xxv],  449;  Remarks  in  discussion  of  Mr.  Gordon's  paper  on  Large 
Furnaces  on  Alabama  Material,  148;  On  crushing-weight  of  burden  in  bla.st- 
furnace,  148;  On  Leadville  ore-deposits,  449;  On  the  law  of  the  apex,  796; 
On  lode  locations  [790,  796] ;  Glossary  of  mining  and  metallurgical  terms 
[xi,  xii]. 

Recent  placers  in  the  Black  Hills  [571 '. 

Red  Mountain,  Alabama,  fossil-ores,  152. 

Red  Mountain,  Aspen,  Colo.  [180]. 

Red  Mountain  district,  San  Juan,  Colo.:  Geology,  262;  Hot-spring  formations,  261. 

Red  oxide  of  copper  in  the  Black  Hills  [581]. 

Reducing  process  used  by  the  Carbon  Iron  Company,  678. 

Reduction  of  ore  in  blast-furnace  as  affected  by  the  velocity  and  the  tension  of  the 
gases,  282. 
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Keduction-works  (see   also  Chlorination-works,  Concentration  works,   Gold-mills, 
Lixiviation-works,    Sraelting-works,  and    Stamp-mills):    California:   Nevada 
County ;  Nevada  City,  Pioneer  [3]. 
Refining  alloys  of  gold :  Aiken's  process  for,  30,  31  ;  Miller's  process  foi,  30  et  seq.; 

Thompson's  process  for,  30,  31. 
Regenerative  furnace,  Siemens's  [134]. 
Regenerative  hot-blast  stove,  132,  680. 

Reopening  of  the  Tilly  Foster  Iron  Mine  (McDowell)  [xliii],  758. 
Report  of  Council  for  the  year  ending  February,  1889,  xxxiii. 
Republic  iron-mine,  Marquette  County,  Mich.  [717]  ;  Concentration-works  at  [728]. 
"  Retarded  coke,"  an  artificial  fuel,  678. 
Retsof  salt-mine,  PifTard,  N.  Y.,  visit  to  [xxx]. 
Review  of  the  Iron- Mining  Industry  of  New  York  for  the  Past  Decade  (Smock)  [xliii], 

745. 
Rhein  Steel -works,  Ruhrort,  Germany  [93]. 
Rhyolite  in  San  Juancito,  Honduras,  C.  A.  [438,  447]. 
Ridsdale  and  Stead,  average  composition  of  English  slag,  86. 
Rittinger's  formula  for  bodies  falling  freely  in  a  liquid  [639]. 
Rittinger-tables  with  Parsons's  improvement,  662,  675. 
Roasting-furnace  at  Phoenix  gold-mine.  North  Carolina,  317,  318. 
Roasting  gold-ores  :  Losses  in,  3  ;  In  North  Carolina,  cost  of  [541]. 
Roasting  Hudson  River  carbonates,  275. 
Roasting  of  Murchie  pyrite,  6. 
Roasting-kilns  for  carbonate  ores  [275]. 
Robert  Emmet  silver-mine,  Aspen,  Colo.  [170,  176]. 

Roberts,  Frank  C,  Calculations  of  the  Available    Heat  and  the   Required  Dimen- 
sions of  Chimneys,    Combustion-chambers  and  Qas-Burners  in  the   Use  of  Blast- 
Furnace  Oases  for  Firing  Boilers  [xxi],  78. 
Robertson,  Kenneth,  The  Grading  of  Birmingham  Pig-Iron  [xxii],  94. 
Robinson,  Theo.  W.,  The  Effect  of  Velocity  and  Tension  of  Oases  on  the  Reduction 

of  Ores  in  the  Blast- Furnace  [xxi],  282. 
Rock  breakers  in  use  at  Homestake  Mill,  Lead  City,  Dak.,  509. 
Rogers,  E.M.,  The  Equalization  of  Load  on   Windiiig-Eiigines  by  the  Employment  of 

Spiral  Drums  [xxvi],  305. 
Rolker,  C.  M.,  on  geology  of  Rosario  mine,  San  Juancito,  Honduras,  C.  A.  [432, 

435]. 
Rolling-mill,  Fritz  [228]. 

Rolling-mills:  New  York:  Rensselaer  County  ;  Troy  [235]  ;  Ohio:  Cuyahoga  Coun- 
ty; Cleveland,  Cleveland  Rolling  Mill  (Jompany  [150];  Pennsylvania:  Cam- 
*      bria  County;  Johnstown,  Cambria  [227]  ;  Dauphin  County ;  Steelton,  Pennsyl- 
vania Steel  Works  [227]. 
Rosario  gold-mine,  San  Juancito,  Honduras,  C.  A.,  432  et  seq. 
ROTHWELL,  R.  P.,  Present  Status  of  Electric  Transmission  of  PoxDer  [xxv],  555. 
Rowan  County,  N.C.,  Gold  Hill  gold-mine  [314]. 
Rules  of  the  Institute,  xiii;  Amendments  to,  xxvii,  xli. 
Russell  lixiviation  process  [45]. 
Russell  Springs,  Kansas,  nickel-ore,  66. 
Russian  auger  used  at  Petite  Anse  salt-mine  [112]. 
Rutile  in  the  Black  Hills,  Dakota  [786]. 

Ruttmann,  F.  S. :  On  concentration  of  iron-ore  at  Lyon   Mountain,  N.  Y.  [732] ; 
On  the  Tillv  Foster  ore-body  [759]. 
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Saginaw  salt-wells,  Saginaw,  Mich.  [110]. 

Salisbury  Iron  Company,  strength  of  iron,  4*);^. 

Salisbury  iron-mine,  Marquette  County,  Mich.  [718]. 

Salina  formation  in  western  New  York  [8'J8  e^  aeg.] . 

Salom  and  Westesson,  analysis  of  Heniice  anthracite,  610,  615. 

Salt  in  Ontario,  Canada  [294,  298,  300]. 

Salt,  increase  of,  increases  loss  of  gold  and  silver  in  chloridizing-roasting,  14,  17. 

Salt-mines:  United  States:  Louisiana:  Iberia  Parish,  Petite  Anse  Island,  Avery 
mine,  107  etseq.;  New  York:  Livingston  County,  Pifliird,  Eetsof  [xxx].  Other 
Countries:  Algeria:  Ouled  Kebbah  [110];  Jebel-Melah  [110];  Austria: 
Hallstiidt  [110];  Wieliczka  [110]  ;  Bavaria:  Berchtesgaden  [110];  Oerman 
Lorraine:  Vic  [110];  Germany:  Stassfurt  [110];  Ireland:  Carrick-fergus 
[110];  Santo  Domingo  [llO^;   Tyrol:  Hall  [110]. 

Salt-mining  and  preparation  at  Petite  Anse  Island,  Louisana,  107  et  seq. 

Salt-quarry  (see  also  Salt-mines) ;  Siberi<i:  Iletsk  [111]. 

Salt-wells:  Unitkd  States:  Michigan:  Saginaw  [110];  New  York:  Onondaga 
[110];  Ohio:  Hocking  Valley  [110];  Pomeroy  [110];  Pennsylvania:  Pitts- 
burgh [110];  West  Virginia:  Kanawha  [110].  Other  Countries ;  Canada: 
Ontario,  Goderich  [110];  England:  Droitwich  [110];  Cheshire  [110];  German 
Lorraine:  Dieuze  [110]. 

Sampling  and  Testing  Works,  St.  Louis,  Mo.,  387. 

Sampling  gold-ores  in  the  Black  Hills,  methods  of,  499. 

Samson  iron-mine,  Humboldt,  Mich.  [734]. 

San  Jacinto  claim,  Aspen  Colo.  [178]. 

San  Juan  mining  district,  Colorado,  hot-springs  of,  262. 

San  Juancito,  Honduras,  Rosario  gold-mine,  432  et  seq. 

Sandberg,  C.  P. :  Discussion  on  steel-rails  and  specifications,  242  ;  On  rail  specifi- 
cations, 244 ;  On  standard  rail-sections,  243. 

Sandberger,  F.,  on  vein-formation  [448]. 

Sandstone  in  Ontario,  Canada  [294]. 

Sanitary  analysis  of  water,  341,  343. 

Sanitary  condition  of  mines  and  metallurgical  works  [339]. 

Santo  Domingo  salt-mine,  Santo  Domingo  [110]. 

Sawatch  Kange,  Colo.  [161,  177,  180]. 

Scale,  boiler:   Tlie  cause  of,  350,  351  ;  Preventative,  351,  353,  354. 

Schaeffer,  Prof.  C.  A.:  Analysis  of  tantalite,  593;  On  tiie  columbite  (tantalite)  of 
the  Black  Hills,  633. 

Schaufuss,  Erich  C,  biographical  notice  of,  419. 

Scheibler's  process  for  concentrating  phosphoric  acid  in  phosphate-slag  [94]. 

Schiller  silver-mine.  Aspen,  Colo.  [168,  170,  176,  177]. 

Scotch  pig-iron  as  a  softener  for  other  irons,  684. 

Segregated  Old  Abe  gold-deposit.  Black  Hills  [576]. 

Septic  poisons  in  water,  344,  346. 

Sequachee  Valley  ;  Cost  of  coke  in,  48  ;  Cost  of  pig-iron  in,  45,  49. 

Serpentine  in  Ontario,  Canada  [294,  298]. 

Setterwall,  analysis  of^pig-iron,  255. 

Sewage,  ammonia  in,  344. 

Seyssel  asi)halt,  France  [356],  360  [373]. 

Shamokin  anthracite  district,  Pennsylvania  [611]. 

Shelby  County,  Ala. :  Coal-mines  at,  210,  221  ;  Coal  product  in  1887,  207. 

Shimer,  Porter  W.,  Determination  of  Phosphorus  in  Iron  and  Steel  [xxi],  100. 
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Shrinkage  in  cast-iron  explained,  697. 

Shirtliffiron-mine,  Jefferson  County,  N.  Y.  [747]. 

Sicily,  bituminous  limestones  of,  362. 

Side-lines  and  end-lines  in  U.  S.  mining-law,  787. 

Siemens's  regenerative  furnace,  134. 

Silicon  in  Cast-iron  (Keep,  Fleming  and  Orton)  [xlii],  683. 

Silicon  :  In  pig-iron  affected  by  rapid  driving,  144, 151  ;  In  pig-iron  from  Ohio,  254  ; 
In  Southern  irons,  95;  In  steel-rails  [783];  Its  influence  on  the  chilling  of 
iron,  705  et  seq.;  On  the  deflection,  695;  The  fluidity,  708  et  seq. ;  The  grain, 
710  ;  The  hardness,  702  el  seq. ;  The-shrinkage,  697  ;  The  strength,  689  et  seq.  ; 
Expels  carbon  from  cast-iron,  684 ;  Its  effect  on  the  casting  of  steel-ingots, 
245;  In  pig-iron,  and  in  ferro-silicon,  afiected  by  remelting  the  metal,  256  et 
seq.;  As  a  softener  for  foundry-iron,  253  et  seq. ;  Reactions  with  alkaline  car- 
bonates, 542;  Determination  of,  in  ferro-silicon,  542;  Graphitoidal,  542;  In 
aluminum,  542,  544. 

SiLLlMAN,  J.  M.,  A  Water- Manometer  and  Anemometer  [xxii],  66. 

Silurian  formation:  At  Aspen,  Colo.  [157,  163,  164,  173,  178,  179,  185];  Near 
Bufl'alo,  N.  Y.,  250  [398]  ;  In  nortliwc'tern  Colorado  [376]  ;  In  West  Virginia 
[116  et  seq.] ;   In  Ontario,  Canada  [294] ;  Not  seen  in  the  Black  Hills  [571]. 

Silver:  In  the  Black  Hills  [571] ;  In  Ontario,  Canada  [294],  296  [298,  300]  ;  At  the 
Rosario  mine,  Honduras  [442]  ;  Effect  of  chlorine  on,  at  cherry-red  heat,  34; 
Loss  in  chloridizing-roasting,  13,  18;  Loss  in  chloridizing-roasting  increases 
with  amount  of  salt  used,  14;  Loss  in  chloridizing-roasting,  effect  of  increased 
temperature  on,  19  ;  Loss  in  chloridizing-roasting,  effect  of  time  on,  15;  Losses 
in  oxidizing-roasting,  4,  5,  6. 

Silver  Bell  silver-mine,  ("ochise  County,  Ariz.  [775]. 

Silver  Islet  silver-mine,  Ontario,  Canada  [296]. 

Silver-mills  (see  Amalgamation-works,  Chlorination-works,  Concentration-works, 
Gold-mills,  Lixiviation-works,  Reduction-works,  Snielting-works,  and  Stamp- 
mills). 

Silver-mines:  Arizona:  Cochise  County;  Big  Find  [775];  Blue  Monday  [775]; 
Bunker  Hill  [775];  Burchard  [775];  Contact  [775];  Fourth  of  July  [775]; 
Hard  Up  [775]  ;  Independence  [775] ;  Knoxville,  767  et  seq. ;  Longfellow 
[775] ;  Luck  Now  [775]  ;  Luck  Sure,  767,  774  [775] ;  Lucky  Cuss,  767,  774 
[775] ;  IVIammoth  [775]  ;  McCann  [775] ;  Old  Guard  [775] ;  Owl's  Last  Hoot 
[775];  Owl's  Nest  [775];  Prompter  [775];  Rattlesnake  [775];  Silver  Bell 
■  [775] ;  Sunset  [775] ;  Triangle  [775] ;  Ural  [775] ;  Wedge,  767  [775] ;  Colorado: 
*Chafiee  County;  St.  Elmo,  IVIary  Murphy  [159]  ;  Ouray  County  ;  ('ongress  [264]  ; 
Guston  [264]  ;  Y'ankee  Girl  [264] ;  Pitkin  County  ;  Aspen,  Aspen,  161, 170, 173, 
193  etseq.,-  Aspen-Mammoth  [170]  ;  Bonnybel  [170  et  seq.,  202]  ;  Chloride  [159, 
170,  202]  ;  Connamara  [170,  173,  200  el  seq.]  ;  Dtu-ant  [170]  ;  Emma  [160, 170, 
191  etseq.l  ;  Robert  Emmett  [170]  ;  Forrest  [170,  175]  ;  Franklin  [170]  ;  Ga- 
lena [178];  Golconda  [170,  176]  ;  Jessie  [170];  La  Salle  [170,  173];  Last 
Scheme  [167] ;  Late  Acquisition  [178]  ;  Little  Giant  [170,  171,  176]  ;  Millinee 
[170] ;  Missouri  Boy  [178] ;  Monarch  [178];  Pioneer  [178];  Schiller  [170, 177]; 
Silver  Star  [170  et  seq.,  202]  ;  Smuggler  [159]  ;  Spar  [159,  170],  181  et  seq.  ; 
Stillwell  [170]  ;  Traynor  [178]  ;  Vallejo  [170,  189,  190]  ;  Visino  [173,  174,  197 
et  seq.]  ;  Washington  [170, 186  e.l  seq.]  ;   Dakota:  Black  Hills  ;  Iron  Hill,  584. 

Silver-ores,  analyses  of,  769. 

Silver-lead  ores  :  Dakota  :  Black  Hills,  582. 
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Silversmitli-case,  involving  validity  of  end-lines  in  a  mining  elaini.  787,  794. 

Silver  Star  mine,  Aspen,  Colo.  [170,  202]. 

Silver  volatile  as  oxide  and  aseliloride  [IS). 

Size  oCgold  particles  in  anriferous  pyrites  [29]. 

Sizing  in  the  concentration  of  iron-ore.s,  733. 

Sizing  of  ores  for  jigging:   Is  close  sizing  advantageous  ?  637  ft  sKcq. 

Slag:  Analysi.sof  Mnirkirk  Furnace  slag,  470  ;  In  Birmingham  district,  Ala.  [140]; 

Phosphate-slag  as  a  fertilizer,  84  et  Keq. 
Slagging-valve  for  tuyeres,  3S9. 
Slimes,  their  treatment  in  eonccntration-work.s,  656. 
Sloss  blastfurnace,  Jiirmingham,  Ala.  [152]. 
Slass  Steel  and  Iron  Company,  North  Birmingliam,  Jefferson  Countv,  Ala.,  61,  211, 

212. 
Smelting  by  electricity,  550. 
Smelting-works  (see  also  Chloriuation-works,  Concentration-works, Gold-mills,  Lix- 

iviation-works,  Reduction-works,  and  Stamp-mills) :   Arizona:  Cochise  County; 

Tombstone,  771,  773. 
Smith,  E.  A.,  on  Cahaba  coal-field,  Alabama,  209. 
Smith,  J.  C,  analysis  of  Low  Moor  Hue-dust,  130. 
Smith,  Obeklin,  Nuils/rom  Tin-Scraps  [xliii],  495. 
Smock,  John  C,  A  Review  of  the  Iron-3Iiniin/  Industry  of  Neio  York  for  tlie  Past 

Decade  [xliii],  745. 
Smuggler  Mountain,  Aspen,  Pitkin  County,  Colo.  [156,  150,  180]. 
Smuggler  silver-mine.  Aspen,  Colo.  [156,  159]. 
Sneyd  colliery,  North  Staffordshire,  England  [431,  432]. 
Soaping  Geysers  (Hague)  [xliii],  546. 
Soaping  Geysers  (Raymond)  [xxv],  449.    . 
Soap-test  for  hard  water,  354. 
Soft-ore  bodies,  mining  in,  at  Low  Moor,  103. 
"Softeners"  of  pig-iron  [684,  702,  note]. 
Some  Thoughts  Relating  to  the  American  Inslitute  of  Mining  Engineers  and  its  Mission 

(Potter),  485. 
South  Chicago  steel-works,  use  of  petroleum  as  fuel  at,  807. 
South  Carolina,  manufacture  and  consumption  of  phosphoric  acid  fertilizer,  85. 
Southern  iron-ores:  Irregular  in  composition,  144;  Readily  reducible,  147. 
Spain  :  Bilbao  iron  <listrict  [719] ;   Bituminous  limestones  [362]. 
Spanish  |)yrites,  influence  in  cheapening  sulphuric  acid  [84]. 
Spar  silver-mine.  Aspen,  Pitkin  County,  Colt).  1159,  170,  176],  181  et  seq.  • 

Sparre  on  grains  of  solids  falling  freely  in  water  [640]. 
Specifications  for  manufacture  of  steel-rails,  226,  238. 
Specifications  for  structural  material,  importance  of  standards  for  [493]. 
Spencer,  J.  W.,  on  geology  of  Niagara  Falls  [322]. 
Spense,  automatic  desulphurizing  furnace  [541]. 
Spilsbury,  E.  G.,  on  treatment  of  southern  gold-ores  [315,  320]. 
Spiral-drums  to  e«pialize  load  on  winding  engines,  305. 
Spiral  Weld  Tube  Works,  East  Orange,  N.  J.,  visit  to  [xliii]. 
Spitzkastcn  at  St.  Joseph  Lead  Works,  Bonne-Terre,  Mf).  [662],  673. 
Spodumene,  large  crystals  in  the  Bl.uk  Hills,  Dakota,  591. 
Spragiio  electric  motors  [558,  563). 
Spuyten  Duyvil  rolIing-n)ills,  New  York  [227]. 
Stamp  mills    (see   also  Chlorination-works,  Concentration-works,  Gold-mills,  Lix- 
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iviation-works,    Eediiction-works,    and    Smelting-works) :    Arizona:    Cochise 
County;    Tombstone   [771,773];    Culifornm :  'Sevachx  County;   Nevada   City. 
Providence   [504];    Dakota:    Lawrence    County;    Central    City,    Cassel,    500; 
Central  City,  Father  de  8met  [498],  500  et  seq. ;  Lead  City,  Golden  Star,  500 
etseq.;  Highland,  500  e<  se^.  ;   Homestake,  500  e<  seq.;  Terraville,  Caledonia, 
500  et  seq. ;  Deadwood,  500  et  seq.  ;  Golden  Terra,  500  et  seq. 
Stamp-mills  in  the  Black  Hills,  description  and  general  features  of,  501  et  seq. 
Standard  specifications  for  structural  material  [493]. 
Stassfurt  salt-mine,  Stassfurt,  Germany  [110]. 
Staten  Island,  X.  Y.,  iron-district  (limonites)  [745,  749]. 
Statistics  of  the  Alabama  coal-fields  for  1887,  206. 
Status  of  Associates  changed  :  At  Birmingham,  xxi ;  at  Buflalo,  xxix  ;  at  New  York, 

xli. 
St.  Clair  County,  Ala. :  Coal-mines  of,  210,  217  ;  Coal  product  in  1887,  207,  210. 
Stead  and  Ridsdale  :  Crystals  in  basic  slag  [89] ;  On  average  composition  of  English 

slag,  86. 
Steam-boilers,  using  the  waste  gas  of  a  blast-furnace  as  fuel  for,  50. 
Steam-engine,  Rankine  on  [80,  81] 
Steam,  specific  heat  [100]. 
Steam-stamps  in  use  in  the  Black  Hills  [528]. 

Steel  (see  also  Bessemer  steel ) :  Analyses,  64;  Use  of  phosphatic  ores   in  making, 
90;  Determination   of  phosphorus  in,  100;  From  pig-iron  by  Henderson  pro- 
cess, 60  et  seq. 
Steel  rails  (see  also  Rails)  :  Analyses,  234,  237  ;  The  development  of,  226  et  seq.  ; 
Dudley  sections,  783;  Papers  by  Messrs.  Dudley,  Holley,  and  Sandberg  [xii] ; 
Proposed  sections,  778. 
Steel  Bails  and  Specifications  for  their  Manufacture  (Hunt)  [xxv],  226. 
Steel  rails,  specifications  for,  238,  425. 
Steel  water-jackets,  cast,  131. 

Steel-works  :  Alabama  :  Jefferson  County;  North  Birmingham,  Henderson  Steel  and 
Manufacturing  Company,  60  et  seq. ;  Sloss  Steel  and  Iron  Company,  61  ;  Penn- 
sylvania: Allegheny  County ;  Pittsburgh,  Carbon  Iron  Company  [678]  ;  Cam- 
bria County  ;  Johnstown,  Cambria  [227]  ;  Chester,  Chester  Steel  Castings  Com- 
pany, 131  ;  Dauphin  County  ;  Steelton,  Pennsylvania  Steel  Company  [150,  227, 
809]';  Germany:  Ruhrort,  Rhein  Steel  Works  [93];  England:  Middlesbrough, 
Northeastern  Steel  Company  [86]. 
Stephanite  at  Aspen,  Colo.  [204]. 
Sterling  iron-mine,  Rockland  County,  N.  Y.  [740]. 
Stetefeldt,  C.  A.,  on  losses  of  gold  in  roasting,  10,  11,  36. 
Stetefeldt  furnace,  loss  of  gold  in  roasting  in  [11]. 
Stevens  Institute  of  Technology,  Hoboken,  N.  J.;  Session  at  [xliii]. 
Stickney,  George  H.,  analysis  of  Baltimore  ores,  471. 

Stickney  Iron  Works,  Baltimore,  Md.,  471  ;  Strength  of  Stickney  iron,  463. 
Stillwell  silver-mine.  Aspen,  Colo.  [170]. 

St.  Joseph  Lead  Works,  Bonne-Terre,  Mo.,  564,  637  [644,  650,  654,  659]. 
St.  Lawrence  County,  N.  Y.,  iron-district  [745],  747. 
St.  Louis  Sampling  and  Testing  Works,  387. 
Storage  of  water  in  Arizona,  476. 
Stoves  for  hot-blast,  regenerative,  680. 
Stream-tin:  Analyses,  596;  In  Black  Hills,  Dakota,  596. 
Structural  steel,  analysis  of,  679. 
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Siib-carboniferous  age ;  Greenbrier  limestones,  West  V^irginia  [117],  1 19,  121  ;   Ves- 
pertine sbale,  West  Virginia  [117],  lli>,  121,  122. 
Siuibiiry  copper-mines,  Ontario,  Canada  [29')]. 
Suisse  on  Koej)e  system  of  winding  [4H2]. 
Sullivan  County,  Pa,  Bernice  coal-hasin,  (iOG. 
Sulphur  in  steel' rails  [783]. 
Sulphur,  its  eflect  in  chloridizing-roasting,  776. 
Sulphurous  acid  to  condense  gold  from  chlorine  gas,  37,  38. 
Sunday  Lake  iron  mine,  Gogebic  Range,  Lake  Superior  [719]. 
Sunset  silver-mine,  Cochise  County,  Ariz.  [775]. 
Superior  iron-mine,  Gogebic  Range,  Lake  Superior  [719]. 
Super-phosphate  compared  with  phosphate-slag  as  a  fertilizer,  89. 
Siipplemciitdri/  Note  on  Blml-Funuice  Lines  (Walsh)  [xliii],  754. 
Swank,  James  M.,  estimate  of  product  of  iron-mines  of  the  U.  S.,  749. 
Sylvanite  in  Ontario,  Canada  [294,  298]. 

Tables  in  stamp-mills,  Parsons  and  Rittinger,  675. 

Taliaferro,  E.  T.,  address  of  welcome  at  Birmingharb  [xixj. 

Tantalite:  Analysis,  593;  In  the  Black  Hills,  Dakota,  592,  593,  633  [786]  ;  Asso- 
ciated with  tin,  592. 

Tar-springs,  358. 

Tate  iron-mine,  St.  Lawrence  (.'ounty,  N.  Y.  [747]. 

Teaser  silver-mine.  Aspen,  Colo.  [171,  173,  176]. 

Technical  education  [381];  Papers  and  discussions  on  [xii]. 

Tecumseh  Iron  Company,  strength  of  iron,  463. 

Tellurides  supposed  to  be  present  in  Murchie  mine  [3,  6]. 

Tellurides  of  gold  and  silver,  losses  in  roasting  [5,  9]. 

Tellurium  in  ores  at  Tombstone,  Ariz.  [771]. 

Temperature  of  combustion  of  blast-furnace  gases,  79  ;  Of  geyser  waters,  Yellowstone 
Park  [554]. 

Tennessee  Coal,  Iron  and  Railway  ('ompany,  Ensley  City,  Ala.,  135;  Works 
visited  [xxii]. 

Tennessee  :  Analyses  of  coals,  47  ;  Coal-mines,  47  ;  Cost  of  labor  in  Sequachee  Val- 
ley, 49;  Iron-ore  product,  723,  725;  Manufacture  and  consumption  of  phos- 
phoric acid  fertilizer,  85;  Tar-springs  [358]. 

Terhune,  Richard  H.,  Note  on  Cast-Steel  Water- Jackets  [xxvi],  131. 

Terra  gold-mine,  Black  Hills,  Dakota,  57.3,  574,  575,  577. 

Tertiary  formation;  In  the  Black  Hills  [571,  589]  ;  In  northwestern  Colorado  [377]. 

Test  for  metals  in  jjotable  water,  346. 

Testing  and  sampling  works,  St.  Louis,  Mo.,  387. 

Testing  laboratory  at  Pittsburgh,  Pa.  [679]. 

Testing  of  engineering  materials,  importance  of  making  provision  for,  386,  493. 

Testing-machines:  Gill's,  461  ;  Philadelphia  Scale  and  Testing  Works,  460;  United 
States  testing-machine  at  Wafertown  Arsenal,  Mass.  [386,  461]. 

Tetrabasic  phospliate,  81,  84. 

Tetrahedrite  in  Ontario,  Canada  [294]. 

Texa-s:  Deposition  of  copper  on  fossil  plants  [483] ;  Glance-pitch,  359. 

Theal  iron-mine,  Putnam  County,  N.  Y.  [746]. 

Thenardite  in  .Vrizona  [480]. 

Theory  of  formation  of  ore-deposits  at  Aspen,  Colo.,  204. 

Theory  of  jigging,  6.38. 
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Thies,  Adolph,  manager  of  Phoenix  gold-mine,  North  Carolina,  816. 

Thies  chJorination  process,  31(). 

Tliomas  coke-ovens,  212. 

Thomas  Iron  Company's  blast-furnace,  Alabama,  visited  [xxii]. 

Thomas  Iron  Company,  Hokendancjua,  Pa.  [461]. 

Thomas  process  for  dephosphorizing  iron  [86,  92]. 

Thomas  slag,  81,  84. 

Thomassy  on  geology  of  Petite  Anse  Island  [108]. 

Thompson,  Lewis:  Method  of  assaying  and  purifying  gold,  7  [31];    Process   for 

refining  alloys  of  gold,  30,  81. 
Tilly  Foster  iron-mine,  Putnam  County,  N.  Y.  [746] ;  Reopening  of,  758  e.t  seq. 
Timber-consumption  in  mines,  circular  of  inquiry,  266. 
Timber  in  Greenbrier  County,  W.  Va.,  121. 

Timbering:  Best  woods  for  mine  timbering,  269 ;  Consumption  of  wood  in  mine- 
timbering,  265  et  seq 
Timbering  in  soft  ore-body  at  Low  Moor,  Va.,  104  et  seq. 
Tin:  In  the  Black  Hills,  588;  Yield  of,  596;  Influence  of  columbite  upon  the  tin 

assay,  633. 
Tin-mines:  Dakota:  Black  Hills  [571],  595;  Etta,  591,  592;   Cow  Boy  [786];  Cus- 
ter County  ;  Tin  Mountain,  591. 
Tin-ore  :  Analysis,  595  ;  In  the  Black  Hills,  595  et  seq. 
Tin-ore  in  the  Black  Hills  not  found  in  true  granite,  591,  592. 
Tin-ore  of  the  Black  Hills,  concentration  by  jigging,  597. 
Tin  Reef  tin-vein,  Black  Hills  [590]. 
Tin-scrap  made  into  nails,  495. 
Tipples,  coal,  on  the  Kanawlia  River,  455. 

Titanium  in  iron-ores  of  Ontario,  Canada  [299]. 

Todd  iron-mine,  Putnam  County,  N.  Y.  [746]. 

Tombstone  district,  Arizona:  Argentiferous  manganese-ore,  767. 

Tombstone  Mining  and  Milling  Company,  Tombstone,  Ariz.  [771,  773]. 

Tonawanda,  N.  Y.,  natural  gas,  403. 

Topography  of  Glenmore  Iron  Estate,  Greenbrier  County,  West  \'irginia,  116. 

Tourmaline  associated  with  tin  in  the  Black  Hills  [591,  595]. 

Trachyte  in  Honduras,  Central  America  [434]. 

Tracy  City  coal-mine,  Tennessee  [209,  211]. 

Transactions  of  the  Institute:  Prices  of  the  volumes  [xii] ;  Stock  of  volumes,  xxxv, 
xxxvi. 

Transmission  of  power  by  electricity,  555. 

Transpiration  of  gases  in  blast-furnace,  282. 

Trasenster,  M.  L.,  on  Koepe  system  of  winding  [432]. 

Traynor  silver-mine.  Aspen,  Colo.  [178]. 

Treatment  of  argentiferous  manganese-ores  of  Tombstone,  Ariz.,  767. 

Treibach  blast-furnace,  Treibach,  Austria  [756,  757]. 

Triangle  silver-mine,  Cochise  County,  Ariz.  [775]. 

Trenton  formation  near  Niagara  River  [402]. 

Triassic  formation  :  At  Aspen,  Colo.  [156,  157,  ISO] ;  In  the  Black  Hills  [571];  In 
New  Jersey,  containing  copper  [483] ;  In  Honduras,  Central  America,  [433, 
435,  438]. 

Trinidad  asphalt,  361,  362,  368. 

Triphylite  in  the  Black  Hills,  Dakota  [592.] 

Triunfo  gold-mine,  Honduras,  Central  America  [^447]. 
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Troy  Steel  and  Iron  Conipriny,  Troy,  N.  Y.  [235]. 

Tnissvillo  lilast-fiiniiifp,  Ala.,  visit  to  [xxiii). 

Tiillook  antoiiiatif  ore-leeHer,  512. 

Tiiliy  limestone  in  western  New  York  [4UU]. 

Turner,  Prof.  Tliomas,  on  the  effect  of  silicon  upon  cast-iron,  253,  6S4  ei  seq. 

Tnrtelotle  Park,  Aspen,  Colo.  [158, 171,  175,  178]. 

Tuscaloosa  County,  Ala.:  Coal-mines  of,  210,  221  ;  Coal  product  in  1887,  207,  210. 

Tuyere  Sldggi7i(i-Vulve  (Cook)  [xxvi],  389. 

Uintaliile  from  Uintah  County,  Utah,  113. 

Union  blast-furnace,  Chicago,  111.  [750,757]. 

Union  Bridge  Works,  Buffalo,  N.  Y.,  visited  [xxix]. 

Union  Steel  ("onipany,  ('hicago,  111.  [243]. 

United  States    Engineer   Post  and   Torpedo  Station,  Willet's  Point,  L.  I.,  visited 

[xliv.]. 
United  States  geological  maj),  by  C.  H.  Hitchcock  [xii]. 
United  States,  product  of  iron,  715. 
Upper  (ieyser  Basin,  Yellowstone  Park,  540,  554. 
Ural  silver-mine,  Cochise  County,  Ariz.  [775]. 
Uranium  associated  with  tin  in  the  Black  Hills  [593]. 
Utah,  Uintah  County:  Gilsonite,  113  [359]  ;  (41ance-pitch  [359]. 
Utica  formation  in  western  New  York  [402]. 

Val  de  Travers,  France,  asphalt-mine  [300]. 

Vallejo  silver-mine.  Aspen,  (Jolo.  [170,  176,189,  190,  190]. 

Valves:  Tuyere  slagging-valve,  389. 

Varnish  made  frfun  asphalt,  304 

Vein-stones  of  the  tin-lodes  of  the  Black  Hills,  594. 

Vein-structure  of  tin-bearing  veins,  Black  Hills,  Dakota,  590. 

Velocity  of  spheres  falling  in  narrow  tubes,  043,  057. 

Venezuela,  tar-springs  [358]. 

Vermilion  iron-range,  Minnesota,  710  e^  seq.  [753]  ;  Product  of  iron-ore,  716,  717, 

725, 727. 
Vespertine  formation  in  Greenbrier  County,  W.  Va.  [117,  119,  121,  122]. 
Veteran  Tunnel,  Aspen,  (.'olo.  [171,  176,  190]. 
Vic  salt-mine,  Vic,  German  Lorraine  [110]. 

Vincent  on  structure  of  the  tin-bearing  veins  of  the  Black  Hills,  Dakota,  [590]. 
Virginia;  Iron-ore   product,   723,   725;    Manufacture  and  consumption   of    phos- 

phoiic  acid  fertilizer,  85. 
Virginia  and  .\labama  Mining  and  Manufacturing  Company,  .\labama  [218]. 
Visino  Incline  and  Tunnel,  Aspen,  ('olo.  [171,  173  et  seq.,  191,  197  etseq.,  205]. 
Volatility  of  gold,  3  el  seq.;  In  atmosphere  of  chlorine-gas,  19,  25  etseq. 
Volatilization  of  silver,  losses  by,  in  roasting  gold-ores,  3  [6]. 
Volumetric  analysis,  rapid  method  for  reduction  of  ferric  sulphate,  411. 
N'orce  on  the  infiuenoe  of  aluminum  on  cast-iron  [473]. 
Voudy,  analysis  of  iron-ore,  744. 
Vulcan  iron-mine,  Menominee  County,  Mich.  [718]. 

Wages:   In  Black  Hills  stamp  mills,  532;  In  Sweden,  604  ;  Of  coal-miners  in  Ala- 
bama, 222. 
Wagner  on  phosphate-slag  [89]. 
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Wagoner,  Luther,  on  falling-velocity  of  grains  in  water  and  glycerine,  653. 

Wainwright,  Jacob  T.  :  A  Differential  Regenerative  Hot-Blast  Stove  and  Its  Appli- 
cation to  an  Open-Hearth  Blast- Furnace  [xxvi],  132;  The  Feasibility  of  Using 
Cheaper  Fuels  in  the  Blast- Furnace  [xxii],  96;  A  Neiv  Systeon  for  Operating  Br- 
generative  Hot-Blast  Stoves  [xlii],  680. 

Walker  County,  Ala. ;  Coal-mines  of,  210,  218,  220;  Coal  product  in  1887,  207,  210. 

Walnut  Grove  Dam,  Yavapai  County,  Ariz.  [476]. 

Walrand  on  phosphorus  in  pig-iron  destined  for  basic  process  [92]. 

Walsh,  Edward,  Jr.  :  Supplementary  Note  on  Blast- Furnace  Lines  [xliii],  754  ;  On 
blast-furnace  process,  282. 

Wanklyn  on  copper,  ii-on,  and  lead  in  potable  water  [346]. 

Warren,  William  Y.,  Note  on  the  Cultivation  of  Mushrooms  in  Abandoned  Mines 
at  Akron,  N.  Y.  [xxv],  248. 

Warrior  coal-field,  Alabama  [148],  207  et  seq. 

Warrior,  Jefferson  County,  Ala.,  coal-mines  at,  210,  212  e<  seq. 

Warwick  blast-furnace,  Pottstown,  Pa.:  Tuyere  slagging-valve  in  use  at,  389;  Use 
of  anthracite  and  coke,  separate  and  mixed,  124. 

Washing  Alabama  coal  to  improve  for  coking,  141,  145. 

Washington,  D.  C,  asphalt  pavements  in,  367. 

Washington  silver-mine.  Aspen,  Colo.  [170,  176,  186  et  seq.']. 

Washoe  process  for  gold-  and  silver-ores  in  the  Black  Hills,  588. 

Wassaic  blast-furnace,  Amenia,  Dutchess  County,  N.  Y.,  469,  472. 

Waste  gas  from  blast-furnace  used  as  fuel  for  steam,  50. 

Water  :  Amount  of  solid  residue  on  evaporation,  348 ;  Analysis  for  sanitary  purposes, 
341;  Analyses,  353 ;  When  unfit  for  making  steam,  350;  Falling-velocity  of 
grains  in,  653,  657  ;  Impurities  of,  338  ;  Its  specific  heat  [100]. 

Water-Gas  as  a  Steam-Boiler  Fuel  (Jacobus)  [xxvi],  300. 

Water-gas  :  Calorific  power  of,  302;  Value  as  fuel,  99  ;  Analyses  of,  300,  301. 

Water-jackets  of  cast-steel,  131. 

Water-lime  formation  in  western  New  York  [250,  252,  309]. 

Water- 3Ianonieter  and  vl)urfto?»(''<(:r  (Silliman)  [xxii],  66. 

Water-storage  in  Arizona,  476. 

Water-tube  steam-boiler,  using  the  waste-gas  of  a  blast-furnace  as  fuel,  50. 

Watertown  arsenal,  testing  machine  at  [386,  461]. 

Watts  Coal  and  Iron  Company,  Alabama  [141]. 

Watts  coke,  analysis  of,  154. 

Wayne  County,  N.  Y.,  iron  district  [745],  748. 

Weber  shales  at  Aspen,  Colo.  [166,  176  et  seq.,  187,  189,  190,  193,  196,  197,  199]. 

Webb,  James  F.,  address  of  welcome  at  Birmingham  [xix]. 

Weekes,  Edward  F.,  on  dumping-cradle  at  the  Chapin  mine,  566. 

Wedding  on  phosphate-slag  [89]. 

Wedge  silver-mine,  Cochise  County,  Ariz.,  767,  775. 

Weed  iron-mine,  Columbia  County,  N.  Y.  [748]. 

Welding  by  electricity,  559. 

Welding  of  gold  buttons  at  low  temperature  [30,  note]. 

"Wellston  "  pig-iron  :  Analyses,  255  ;  Wellston  white  iron  [701]. 

Wendt,  A.  F.:  On  ores  of  Copper  Basin,  Ariz.  [483]  ;  On  the  iron-ores  of  Putnam 

County,  N.  Y.  [759]. 
Wenstrom  Magnetic  Separator  (Cook)  [xlii],  599. 

Wenstrom  magnetic  ore-separator,  738,  739. 

West  Aspen  Mountain,  Colorado,  geological  section  of,  180. 
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Western  Northern  anthracite  coal-field,  Pennsylvania,  607. 

Westesson  and  Sahtni,  analysis  of  Bernice  anthracite,  610,  615. 

West   Virginia:    Available  tonnage  of    the  coal-fields,  208;  Coal   in  (Greenbrier 

County,  119,121;  Limestones  in  Greenbrier  County,   120,   121;  Manufacture 

and  consumption   of    phosphoric   aci<l   fertilizer,  85;    Timber  in   Greenbrier 

County,  121  ;  Coke,  sustaining  power  (»f,  1  17. 
Whirlpool,  Niagara  Falls  [;«,S]. 
While  and  Howell  furnace  [771]. 
Whitney,  A.  W.,  analysis  of  Mnirkirk  pig-iron,  471. 
Whittcmore,  1).  J.,  on  rail-sections,  424. 
Whitwell  hot-blast  stove  [53,  59]. 
Whitwell  coal-mine,  Tennessee  [209,  211]. 
Wieliczka  salt-mine,  Wieliczka,  Austria  [110]. 

Wigglesworth,  Thos.  H.,on  gilsonite  from  Uintah  Coiuily,  Utah,  113  et  seq. 
Wilcox,  McKean  County,  Pa.,  natural  gas  at  [405]. 
Wiley  on  phosphate-slag  [89]. 
^\  IM.IAMS,  Henry  J.,  The  Determination  of  Si  limn  in  Ferro-SiliconK  ;  Its  Occurrence 

in  Aluminum  as  Graphitoidal  Silicon,  and  a  Stvdij  of  Its  Reactions  with  Alkaline 

(hrhoiialcx  [x.xxii],  542. 
Williamson  blast-furnaces,  Birminghatu,  .Via.  [212]. 
Wimmer,  cm  the  Rammelsberg  ore  deposit,  576. 
Winding-engines,  equalizing  the  load  by  spiral-drums,  305. 
Winding  from  shafts  by  Koepe  system,  429. 
Winifrede  Coal  Company,  West  Virginia  [455]. 
Winkler  on  loss  of  gold  in  roasting  metallic  sulphides  [5]. 
Winthrop  iron-mine,  Manjuette  County,  Mich.,  718. 

Wire-rope  tramway  at  Tilly  Foster  iron-mine,  Putnam  County,  N.  Y.,  761  et  seq. 
Witherbee,  T.  F.,  on  experiment  in  substituting   anthracite  on  top  of  charcoal,  at 

Fletcherville  furnace  [146]. 
Wolf  Den  Hollow  coal  mine,  Jefferson  County,  Ala.,  214. 
Wolfram  in  the  Black  Hills,  Dakota  [786]. 
Wood's  ore-bank,  near  Muirkirk  furnace  [465]. 
WoODBRiDGE,  T.  Reed  :  A  Rapid  Method  for  the  Determination  of  Phoxphoru.^  in 

Cei-tain  Ores  [xliii],  750,  753;  Analysis  of  iron-ore,  721,  744. 
Woods  best  suited  for  mine-timbering,  269. 

Woodstock  Coal  and  Iron  Company,  .•\labania  [225]  ;  \Vorks  visited  [xxiii]. 
Woodward,  Jefferson  County,  Ala.,  coal-mines  at,  210,  215. 
Woodward    Iron  Company,  Woodward,  Jefferson  County,  Ala.,  153;   Experiments 

in  washing  coal  [141]. 
Woodward,  K.  8.,  survey  of  Niagara  Falls,  333. 
Wrbna  blast-furnace,  Eisenerz,  Austria  [756]. 
Wrightson  on  phosphate-slag  [89]. 
Wulfenite  at  the  Kosario  mine,  Honduras  [442]. 
Wyatt,  Dr.  Francis,  on  construction  of  condensing  towers,  41. 
Wyatt  on  phosphate-slag  [89]. 
Wyoming:    Black  Hills,  tin,  5S9. 
Wyoming  County,  Pa.,  coal  in,  607,  609. 

Yale  and  Towne  Company,  Stamford,  Conn.  [462]. 
Yankee  Girl  mine.  Red  Mountain  district,  Colorado  [264]. 
Yavapai  County,  Ariz.,  Copper-deposits  of  Copper  Basin,  479. 
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Yield  of  Black  Hills*  anriferous-deposits,  574,  575,  577  et  seq.;  of  Black  Hills  tin, 

596. 
York,  Walker  County,  Ala.,  coal-mines  at,  210. 

Zalinski  dynamite  gnn.  Fort  Hamilton,  New  York  harbor,  visited  [xliv]. 

Zinc  in  Ontario,  Canada  [294]. 

Zinc-dust,  reducing  action  of  on  ferric  solution,  411  et  seq. 

Zinc-oxide :  Used  in  determination  of  arsenic,  77  ;  In  flue-dust  at  Low  Moor  furnace, 

130. 
Zircon  in  the  Black  Hills,  Dakota  [593]. 
Zwitter  of  Altenberg  compared  with  the  tin-bearing  rock  of  the  Black  Hills,  594. 
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